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Artificial Neural Networks — ) e likaio¥| dpaall oiSEd 1-1-4-2
(ANN

SICad zales (Sles gl ol (o Blogrun Aaas (2 el ¥ Apaall clSGad)

Aaeg Ac lla ¥ Barimall SISl 5855 quandl 3l § Lol Uil LoLadl! e ila ¥l Zurmal

Jl A ledl 0o z3leidl el ey Low cAialan i Lply colSadl oda ety sudall eSSl e Jolazll

lasyl Glall § cosllan 5 LeS il o Aleiall eDlelaal) 5 Ziall Sl asigis Laeus Abyae

Gz dmin ol Ao § il oda cutsyd oy Lo Wleg Alaylile ude (o ASad) (058 adant) Aalall
(Walczak, 2019) 5,51 cilaids Lasyg &Ll A dall =5 g Lo 2a s =L osSs

(Machine Learning Algorithms) J¥/ qlaill &by g 2-1-4-2

Ol o IS ad ST 8 laSy Slldl pe Jolaadl 3aiS Y1 qulatd Y1 @ladl sl
Ll ol s e 3 L) Slaidl oymay SBldl e Slaglall 7 il of bola¥l puas liyle coaiay
elasll alasial ) de el wl5s Al Sbladl Sle saze g9155 @z l35 aey . JYI @lasll clas )
al3 Slaglan podierad Auanll sis & ,Suall Jlell Jl cdall e clellagll (o douall puseiuds . JYI
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Slasbyl slale domg . piilis Gy J55 090 513 @lass Y Jan 248.8 Joo byl (o gt
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Machine
Learning
1. Supervised 2.Unsupervised 3. Semi-Supervised 4 Reinforcement 5. Deep
Learning Learning Learning Learning Learning
: . = mAmIC
Regression Clustering Self Training Propg}rammjng CNN
Low Density
. Dimensionality T Monte Carlo
Clissification Reduction - - Methods RNN
h Based Heuristic
(:J"srl!afoﬂﬂms Methods

(Gayatri etal., 2022) J¥! elasll cilepuas:2-3 JSadI

podid | ylaees¥ Jlo=s 3-1-4-2

Slami¥l Julss ol (nwxiy sk g (Advanced Regression Analysis) suaill lams¥l Julxs
S pasiad . Julxilly 5all § ST 385 Cdlas 7 3Les of 10udad ST bl pe Jolandl Cdu: Al
gles¥) snan Adanadl @l sidlly wlpadll o clEMall ddedd clldg daline c¥lxe 3 aul

Les puazll Hlass¥l g dailadl culludly

. (Multiple Regression)saaill jlu=¥l -
(linear and nonlinear Regression) asll xalls Jall lax¥l -
(Wang & Jain, 2003). (Time Series Regression) g3l (e dazall Jlass¥l -
14 S @Sl dalasi 2-4-2
(Adaptive Control Systems) Jeaddll § LasSall oSl 1-2-4-2
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S G 2 32 Casalid
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a0 306 e 2l U313 Layulae Jsoad e 8,08t elliasg

S o aSHl alladdl jag> (29 @ (Parameter Adjustment Mechanism)clelall sl aJl v
ol mll o Gyl Jlan) (Sasll g sulas Tawiss slyeiuls alladl olol 2ublas pgas
(Zohuri, 2024) JLillj

(Optimal Control Systems) Jie¥! @Sl dolas] 2-2-4-2

Lalail @uasad § Lwvail lgadl @al (e (Optimal Control Systems) Jie¥| @Sl dolasl s
Slelya] dudss J) delas¥l s B Bodsee Jiidd bogyd eus (Ses slal Ladl =i e 8,38
e ALl 38UAY Judas (3 LaSO qaland e conan B Lidg alladdl olol cpums J) 6355 &1 @S]
(Ote dua Gudmet Aoy Aand IS e (@ Somielyn) sl Hlas e e Jied) @Soetll dalash azad oyl
A wputy Alaad) 1o pllasl la 40 59080l alisl ao oz WY ulaad of A8UaSl Il Julas Jio
) Slayselly EE ALl o ABMall Cagas c¥slan plusiwl alladl Clolu A des Lol (sl ]l
lus @l Eo> dedite Gt Slajyles plasinl pdte JSI Apatll of Lslnall 398l sazi (el
Byaiens Ao po Lasdoddl a3l § ol Lal sda daid . Jaedl ol oY1 3azs @St SlyLa) of @lyl,8 Al
(Jo'rayev etal., 2023) allal Al

ULl Juls I3 (oo el laall ool cpanes § Laedlad (s lba i oA oy s

e il Bl Z3Lall s ed Bpial) Al g lall pe S Jelanlly Rekanll ALa s

o1 Slaall sl 2 (o allasll oo s o Sas o J¥1 elaill Sliailss of Tuclila ¥l Lnall IS4

3Ll 05 rases Lol Mg o8l oell iy e sadidl p Ll Lok B ote il e 2Ly oyl 30 LaSII
Az ] adl Gudtd Sl Loy sdd of Juaddll cudys s Jie 4dLdul &l

47



dpuaddl ohlaall § dolanadly elo¥) quat) o8 Ll=s o 2 hadll

Joaad i Lea cnlpiall o Sl8Mall @il 28 @lgal Jdgy auaall Hlami¥l s o LS
dole IO aamdl il ) 130Ew] gl hed) Jpadl s of lasasa]]

llastl bl Jynd () of 202,81 el gun) 2SI @Smid] Aalasl s ¢ Jua bl 2 (y0 Lol
Lloe ezt pllasll lisSa dezgi Bole] of bl die wynall cliian of zgl ) bapids Jio (lilax)
luluzdl § Jlael gy 3iall of Lilpall Uguz § (Sl (K1 alusial Gayl o Say .cagdSall

oo 33ad Les il Aaluial 33059 caBlall Julas (aBlall 5:LaS 28) § palud Slagladl sda
GHBL Aagyalll sl ¥l e gl oy oo A8 9T AL 515l ads e ilad Blolie (3 dalusil Gou
L) A8Uatlg Lgztl slo ¥l sulas (o IS WG paety syl @buzal (Elgendi & Atef, 2023)
Ly Lo S 80 e Lgaimy mlall sda o LLaY cay «guddl Jlaall 2 i) e Al
23t ¢ (LR)Jasddl Slaz=i¥ly (ANN) decliba ol &uimall ASadl Lo coniendlss comldl anseral
Julas 3 aeles L «(Windg <Tout (Tf cSolar)s,ise Aty salas das)l sug el sl 2
e Aelai¥l A das d e laS 5 le A3 s (40 LR 7z 3503 (e 485459 172 Zuudy ANN 7z 3505 dydiald
A 3| ey 39 A ddl kel BolaS 8oL adlolly lall HLas | Cuces 3 1a oy cdudasl|
(ANN) 2 lika ¥1 dinall 4S50 ae” (ICA) Adliped! Audlill” 2yl mas (Nazari et al., 2020)
T qunads Jlaal (exergy) (zmuS¥ls A8Uall 50 aSy A luly 5408l due ¢ ICA-ANNZ Sg0s JuSCa!
il g Layl 1) 28La) oz ol (vgmely el el gl 851y Aoy ioMs e Aiao g 39l ptiaol . Sl
e golael IS Zulydl 385 3] cApagasad caad ¢ of 2Ly A e 8l 2 390l pasanty @ o3l
Jolas plastuLANN U (quladl) 7 3501l oo ICA-ANN 7z 3505 £151 A5)lae a3 ICA. 2uniylgs olof @l
Ly MAE (0 JIB Lpuzdl z3geill o bl cydaly (MAE). @llall sl lasgiag (R2) wpusesll
LS ol 7350l Lslan (AU 3:LaST 54,3% « 2 ausS Y 5:LaST 53,35% 9 «2uLusdI40,11%
10,045 .0,0186 ,ldas =alsLsj Soras ¢ JlsI! (e 0,9924 90,9689 10,9928 1) Juas! R? Jalas (yuses
Slaapylss o HLasly (Chauhan et al, 2020) ald casline Bl § sulatll 7 3g0ills &lae 0,028
(8w By Belas (ol ouSall LTV 1 29 ¢ (ANN)e o yo¥] Apinall 4Sal 73500 daiye
¢ (M)l sSila-piad Auaiples Ghny paddd Couss (Jomdsly Jueadd Bole] ae @8IAL gyl
1 By &y tleay JBoY) Bads 3 oestsy Ol lgaaiind Byiuall 38LALN Zyuddl deahyless
oailbas cl sl ciaasy . gueddl Jaall Usls ele l Ailindsa il yailasdl slazal by iz 25l
die il ladally (ASieliydl dzg3lll (glhadl diosidl caue gl 85l « el 8515 AUSTI Jia
zlsdly Wl mlase
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o o ¢ (RMSE) Losogall il el Tase dayd ol i LM gyl 95 o0 gl ] o plsl

el IM ciazis LS .0,0445 il RMSE daid el Jio-Jsls duasles clzmas oo (§ <0,0039 9l
Gl sl Jte ailias 30,9941 G Jay oy o1 Sgumill darall Lead 5o aSTl olas il g (3elaS
485 e Juy b <0,99994 9o Jf (R?) SN sl Jolas (hiogg «4uSiabioudl A2 950019 7z L) da o e
(s pazmay 3950 Jadid quads Jlaal 153545 aud (Sohanietal, 2022a) I &5Us¥l . 3l § 102 adle
Auolel clzay pazll puasad jead 2p/ A 6.92 Caly Lsgy L lis] 39 (Axbiudl Al g3 (0
SIS o 7 3lad A O Ll s il guads (oliatel Juandl Guazad bl Aol Jyuad zuds 2ualseg
Baclall &y ol3 Al 2y el Byl Azyng Jladll oLl &u i) adigad (ANN) dueliba ¥ diasll
zigas of @l oy lel . (feedforward) dweaadl aScidly «ouSall HLaLY) o (RBF)duelasdl
sl Lasgiog 0,9631 (R2) wyum=dl Jolas ATRUNEPPVENTH [T LY RER ASY oK feedforward

5y lBMAE 90,9771 &aydy R? Aadoma o\l 8)ly> 423 2855 3 Juad¥! RBFK Loy 03,56 (MAE) 3llall

L) slahydl Gam Ll cubiags &1 bl Gasle 2-3 Jous)! auds 2,82

Luadidl bzl 1ol 30l 3 Y elasdl 7 3las ploseil Joo &g cilaslys oo &5la 2-3 Jguzd]

R? MES/RMSE J¥I el 7 3905 ot yaill g5 2=
(Bamasagetal,,
0.999959 2.193044 ANN, ANFIS, and SVM S iyat (oundo yoie )
- - 2022
multilayer ANN with an (Ashraf et al.,
0.163-0.011 69,S Ciiai sunds i
improved genetic algorithm - - 2023)
multilayer ANN with
. (Chauhanetal.,
0.0299-0.0546 Levenberg Marquardt Jdl ot (guads ylada )
i B 2022
algorithm
. (Elsheikh et al.,
0.999 0.098 - 0.099 Support vector machine Jll golol (e lada )
" - 2022
. (Zayed etal.,
0.9999 0.0002 Support vector machine Jll golol (e jlada )
" - 2022
. (Sohani et al.,
0.977057 2.82 Radial basis function Jdl ot guads yada
=TT 2022b)
0.9703 70.53 Harris Hawks gy L~;.)\_'»T et yhada | (Essaetal,2020)
Ensemble random vector m o (Abd Elaziz, Essa,
0.991 0.008 Al ol gunds Jlada
functional link i i etal,2021)
) e (Mashaly &
0.96 0.047 Back-propagation ANN il gueds ylada
Propas - Alazba, 2017b)
Adaptive neuro-fuzzy e i (Mashaly &
0.9367 0.0871 PPV RNEY:
inference i Alazba, 2017a)
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. (Murugan etal,,
5.43-5.74 Decision Tree Jdl golaf guads ylada
=TT 2023a)
. (Hosseinifard et
0.999 0.415 Linear Regression Jl ot (guads ylnda
=TT al, 2025)
. (Ozcanetal,
0.99 0.001227 Artificial Neural Network Jdl ot guads ylada
=TT 2025)
0.953— triangulation topology (Elazizetal.,
- o 695 et lads
0.999 aggregation optimizer 2024)

daloiwd g é.:l.;a.ﬁ“ﬂ Jud=idl 5-2

Gl 4 lils olegat Aulad Bolas a5 pllas (¥ Alelly 2oLaadd) Colgm| @uds aad

) el ol U8 & e dd) A8l ol asialy sll) Agloes ¥ lme § ols caly las (e el

0 Llae pllaill B9a5 gty  Hlatiad] Slasiul 50y «Jeididlly cLad¥l 24l Julows §y9,mall o
AW ol E (o Bpadasll

Aig0,ST) Aasadl Jadi B Gl Lands cdlats Al aiadl dpaid) oliss ool8 cells ) 2L
cplaadl e lo¥l iy g0 dyamty deletll e LaSSg Al e Asasiadl sloll ilg (s8I Bl 83909
A delad) Calual Jlaedly (A8Ua Mgl BeLaS e

:é;mm peead| 1-5-2

o OSa e el Jaall Baas Gouar wsit) Leolidl) 356,01 aa 53 Lat8 ¥ Juloml] ad
Jilons pstl) Sy, Jsslall okl e adgall aslally Jo91 HLattocdl s cn 285all By g9yl
o lsSall (53 yaall I ABLAYL (luall (Juidl «CoSA pubianll Ak

(Cost Analysis) 4a&u! Jeles 1-1-5-2

el lda e sl ,2¥s . U JSS A 9o (s I olally oliall) (316 (A IS Jll) >

Gaie Jalass ((ASV) ppiadl SUEYI Rasds o (PS) Aot Slexd Aullesyl AaSH plaxial o

B3azma S¥olas aluszal () Goiadl BN yais (AMO) Hgiud) Hiloall 2ak5s ¢ (SFF) ol

3 (0) sl s clsin ey (i) Ll 6011 e A8 (CRF) JUI oly 13l Jalas ellac] @i
.(Abo-Elfadl et al., 2021; Hassan et al., 2021) 2-8 &Jaslall
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_i@a+n
@A+ —-1

2-8 Uolas CRF

oo (SFF) Il oo Jales Yol (FAC) Anltll Zisiwdl 22Kl wyums (S
(Anika et al., 2024a)(2-10 Uslas 92-9 Aslas)¥slall

2-9 Wolas FAC = Ps X CRF

2-10 Usbas SFF =

i+ D" —1]

2-11 Uslas) alasiwly Y9udly (ASV) s gl Aaydlly gl (SV) SLasl Aayd 53065 @y

.(Pandey & Naresh, 2024) (2-12 dslaa

S SV =0,2 % Ps

2-12 Uslae ASV = SFF xSV

OSesg Yol Adlenl Lgindl 4218 R TACs doudl gindl &iluall WG & AMC

{(Tuly etal., 2022) 2-14 alas 92-13 Uslas plaseiwls boglus

2-13 dalas AMC = 0,15 x FAC

2-14 8slas TAC = (FAC + AMC — ASV)
(Tuly etal., 2022)2-15 &slall alusrwly A JS3 Adall slll 7 L) 4685 a8 @1y o
215 Asla CPL = TAC/M
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Exergo-economic Jdl=i 2-1-5-2

SaSYl Jdmi ot e g gobaid¥l Jd=ddl (10 g93 92 Exergo-economic =il

Bl ol 50LaS 53L5 ) Julmill Ia Chirge Bocmill 28UAN Aalasl 1o (s Bue o JISEl Lilnsy
& Boude 2anl oda waly .l Ala gLl Ca IS HLaedl cum G5 pe 2SI 1Bl Julas S5 (e
oy Boumall AUl Zlas¥ 23Laza¥l 5olSI S e Leb i)l clmailals ualiatl] sl syois
(Pandey & Naresh, 2-16 Aslas plusiwly ¥9s/ £lu blg.cl susg, Exergo-economic Jolas olus

2024)

2-16 Jalas R. — Eex,out
ex TAC

(Payback Period) sls il 548 3-1-5-2

datiad e o Jo¥1 HLadiadl sl oI cBgll syumid pisiad Qb olide (2 o) 3548

olee AilSsy Sl Bilpall (aphatll CaISS e Jolye Bue (e owaddl lastll Sl sl 343

ooly 4alS5 1) P dd e 219 Aslallg 218 Aslal) (2-17 Aslal) plasials Lelus @iy Als 1) =l
.(Anika etal., 2024a; Tuly etal., 2022) ¥s.JL JUI

217 Uslas Ssdl @ sl yau = 0,27 (A 5¥493)
2-18 Wslas wll = wiladl bavgie X Byudl yau (psdl/2a/ ¥93)
2-19 dslas slayladl Bue = JUl u-J) zl-5’-‘5-'"/23)-” (f}ﬁ'n)

el il ks 2-5-2

LasLizel (Say @19 Audlall didgaima amay o Bodzil) A8Uall e datay allas 6f (de oy
plazil alill (e O 13) Lo plad LY &9, 28U clogaall puad .l yall sl clgal baval (e
G A8lally z LY oLl dnusiadl 28U ony &5lae quoss LY clldg Y ol Souzall 23l jolas
A8Uatl oloslul Buteg (EPF) 28Uall 7 L) Jole law oy el a3 i i 3508 M5 plaidl Laamy
Jaall e plaaall 5l 2u8lall 2agaall plas (e (o LasS(EPBT)
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(EPF) &3lall 7 L) Jaleg (EPT) &3Uall ol syl 3538 1-2-5-2

4l e Eady ¢ 2puSYlg WUl duziio alusiwly (EPBT) 28Uall slojlul Sus slins oy (Say
Parsa, Rahbar, Javadi, et al.,) M\ lasyll ‘aLB_s «3 LS 28U Sl ‘a)')U\ Bl Hluda
2:21 &slall 5 2-20 Uslall aluseruly 28Uall 7 L) Joleg 28U sla il s il Sy (2020
:(Pal et al.,, 2018)

1 im
2-20 Uslaso EPTen — o
out,ann
-1
. Eim
2-27 Wslas EPFen = [—En
out,ann

e Qi) el s @8Uatl il yies e Sta3 EMpyt g s a8 48U Jias By o) S
2:22 dslall alasial (o Say guedd) alaadl

_ My XLy

2-22 Uslae Enout,ann — -

(Sustainability index) dalaiwd| Jdse 2-2-5-2

G ydad olaia 45T (gl ¢ (SI) Aaluaadd! g I (0 315l allaidl o lasiul 8o aS @ puds oy
R.Hassan) 2-23 4slaell B89 , a5l lia dyums @y « 2 puS ¥ 86108 J) SLTudLg 5 gdl JHiiusl 30 S

:(etal., 2021

1

2-23 dslae S =
1- Nex

irga gt s 61 0585 O (Sasg @ ) T (e Aal ¥ ydige e ol
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(Environmental analysis) Sl Jel=d! 3-5-2

Aalasl Jundy Ldlas @5 ) 090,800 apunST G AeS juaand sl Bdige Guad) Juloetll dad
allas ¥ goliard¥lg FUall culeleall Cola ) HLaedl camy 0051 Ak 0o 6l 59 ¢ ouadd] sl
O39S ewST U 2aS ladi y Uingl Al e paidly alasdl 1 sy o) Gy 3] e 8L
Sloid ol Bloael (¥ G dmg3 ¥ Aol wilsall sda oy S Aanll sia alaiuls Gyt 2adsL
oy allaidl o (21481 e sl i (§ detaly Aelai¥ll sda (e dmeslill (99, S0 Bl Bagad]
(goati) plaznl) dalasl e (Boazall A8Uall LelSTL
s3lan (e gyt Sauzmill Aalall ) Buiiud) Aalai¥l s.ia piiat § Roseiudl slsll ol U5 aag
e allads At wilsall ol J) Uil sin il st Gal com g Loo oLl Bols curud 25901
Sl AU s ime guedid) pbaanll pllas igSe (e 580 S aiias § Aedtieiud] Aslall a8
((Yousef & Hassan, 2020) alaild JolSO Gl 15Y1 @i e ¢ leed) § ladsT g &l

(CO2 emission) {54,831 weuSol U wlilagl 1-3-5-2

e azad @ 28Ul cillama e Al ol S (90,8 aiasST U (1800 Bud Tasgitn il
oBlag! @uaddy (Yousef & Hassan, 2019) delus blgglS JSICO2 (1o 03 2 i 5 (55031 3585l

-(Khan etal., 2023) 2-24 dslall aluseiul @i « abddl 5l yoe Gia (e 093, ST SU

224 4slas Yooy = Eim X 2
co2 = ——
n

Wlall Jad Jlgtll e« pladtll 5lea aes AkalSIl A8UaI 4] Mg Ejpy o0 I8 pdi s
Al GBS ae addll Sl § saie JSALS s ol Ll e simiy Bguo Fuaie sucel

REBES|

CO2 emission ) G920yl ST U wlilag) e caasd! 2-3-5-2

(mitigation

Aslall alaseial Jhadll yae Hlue e 990,50 MT@UQU@YQ@}’\ aaset]) Ay @y

(Khan etal., 2023) alaall 5L o0 48U ggiudl bl ] Fout pdy us ¢ 2-25
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2-25 sl [(Eout X n) - Eim] X 2

(Carbon credit earned CCE ) ceudS| (199,31 dsoy 3-3-5-2
ST Sl bl cagass IS (o caadSU 090,81 oy dgazms @ ]! lall aelud

:(Khan etal, 2023) 2-26 &slae JWl seidl (e 53alg diud) (o (95,8

2-26 2slas [(Eout X1) —Epp] X2 X z
E = Xz=
cc $coz X z 1000

Byl § Ll 093,SI1 jae 20l ¢ b ST 009,801 ST Gl Jolos 25 Jies Z
5995 14.5 il coalio yase Jasogto oo eyl 5,8 (i) BTy ol USGyal 595 169 13 o 2l

(Yousef & Hassan, 2019) (93,31 (0 ylall LZSAJ).AT
dailztl 6-2

Lollas cad s oLl 3y 2SAL Sy I 3y7m0 Jiay ¥ gaecdid] Slaall o o5 « ] la plis 8
Ul aal . elda ¥l (S0 Sty S Lulall clgol Cadsgs M5 e cruceilly jughazll SLLs
e Jeloet) e Lol 89 Lon (e 330y Al adll biled) dioy 20l8) sa ¥l allas alusial
& Il  Smtlly guidl 5yuall 3587 § el i) KA Clagdas cuealio LS .canall bolas s
@ paaall 38Lelly dadaill M5 (a9 Aum ¥y 5e oSl e L) (uSail Lo gy «Juiddll cag)ls
Sl 48559 el Jasll Y geel Logd 7 U1 Les cBaaio cagyls cums allasdl clgluo o 3aoedl]
NCPS PUDPR - PRTTRESIE - 251 -7 ECH PE L JOVSI-D- TN BPXY T Y WS N I AVI R ER
I Fago Aty dpele Bueld Jumall s Jtes cdiles . olUsil quaas Otancesy Aol i) liids mas
Al dedig Aghmiall bl § Buedd! Slhall gadaty aghas 3 bosis 48T > ]
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Lot <Lt laeg Leasliisg il 51,3 3 Pandas 2 puseiad Olted A ymetll Jo Ll Calises deass
@@ scikit-learn 3,aSe Lol . ligasally Loaall Sllusdl ol oY denate olila) NumPy 2uS6 4343
Sleleall s & math 2Se Joatad o0 @ Leossdis Lonytis JY1 @latll 73k sl 2wl 51531

Aslas¥l alasll jan Gluss (ol i Gl 4usl, ]l

Adas Slghas oLl @2y (sl plasialy gueddl Jhall sbily (e J¥) eladdl 7 30as Gudatly

Juass ([Excelgl CSV Liay sale) mbilbdl cale Juams @3 49 pmall laSll slpialy Yol Tus 4l
Bt 2Ll A pun colodly el Byl Ay o aylilly 51l 2 Lol 80y Ay i) JL50¥1 ol ite
oyl By sl ) bled) s oz 13 day . laall e 3eS 3 Jiteall Bl psal) oo (5 Lasyl
oo duesdl z3kedl Lads adlsll solasdl § euddll ducginge oloasat %30 5Las¥l liluy %70
4ilgdall 311 ¢ (Decision Tree),l,all 5,4 « (Linear Regression) Jasl lasi¥l: (29 dul,ll
z3903 IS agdy . (SVM) sl oolzill Al « (MLP)laghal susis unasll a8, 481 ((Random Forest)

O A8l 898 misgn I (R) Loliap¥l Jolan: Jadd @lydge clus @ty eclguiad| dais day
Lelus 55a9 190 o R ey ol 9 (R?) wu=dl Jolal Al ) gag (Aadgilly Adasll o uall
.(Abd Elaziz, Senthilraja, et al., 2021) 4-2 Uslas 94-1 Uslas alaziuly

4-1 dolas R = \/ﬁ

4245t P2 - O 0u =D =9
Y (g —x)E XX (v — )2

43 Aolally Janyg @udll on Bl Lwgie uady sddl (MAE) Gllall Tasdl dasgiag
.(Elsheikh et al., 2021)

ns
. 1
43k MAE = _lei = Yil
nS i—1
L=
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bledly Aadgill bl o Uasdl ez 5 60 (RMSE) Jaegill a il Unsed a1 izl
.(Al-ganess et al., 2023) 4-4 Uslas plusruls 4lus (Sosg bee g

ng

) 1
4-4 Uslae RMSE = n_E(xi —¥i)?
S

i=1

s (Al Uz s U1 et 2ud)RRSE g (GUall Ul 3ud)RAE Laa (taad (s y-diin J] 23L5)
{(Elsheikh et al., 2019) 4-6 Uslallg 4-5 slall

ng
4-5 2slas RAE:iz‘xi_yi|
N £ Xi
=1
s . —v.)2
Ziil(xi - f)z

Sl Je¥) 2 3getll Hlas) ms Les g 3ges S o1oT 280y uisgs (ylae Jo @ @lidl aye sl oy

Azlas 3 L¢lyud s9i59 (Murugan etal., 2023) dalall cluolydl 8 Lal sl goudd 7 3Laidl s <y pas|
oy Byrac i) S puattl Adilas A8 o Lesles ore Shad ( JSaTNg aall s e Al bl
3Ll el o 35l 3 BLud¥ losad cntayzmtl] oy Byramell Sl e clal eyl

(Linear Regression - LR) Jasel! lu=i¥| 1-3-4

(ALY bl 13 JY1 @latll ilasylgs audl (oo day (Linear Regression) ozl lassY|

e z3gaill lia pody oM all (e AST of uslg ade e slaie¥ly jaius Bua paie juiall pisiads
s Aoy fulas Hslas Y5 n gl ailly 2latall paslasl] o udas Tusly, 28DMe 2elm
sl o WMl o (o dy b 2548 Bue (o Gilay o) Slams¥ o Y] coppuds Agiwy diboluy
13z ol 4l LS 2l e Aaidod] A8Mall ol 13) 2280 pe olguds J) 605 o3 Law (&Sl ylas
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(etal., 2021
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ol Jies (@1 | By z 3gaill Ty (Laslasd!) byl oud ) 1300l yael e yd Slegozs )
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oo Az el Budzs o ] Alas 1SS e LAl 315 detay Al Slgddl of il sl
Jolazll diSay LS o ptends Agqaog dibolansy 7z 590l i ety Azmilill alegazll S s Il il
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gl Ladds s Gaddas @3 Bauzme Oligl 389 LMl e gz (e Lusims Bl S dataly 21,5 Aaddog
Al a1 Lty byl

@eSall SLanYl Jie Slaples plaziul @bl ohg¥l diiad e zisedl copls ok
ouilly Aol @uall o Gylall Julas cduye (Gradient Descent) (z;anll Hla=i¥lg(Backpropagation)
dlamy Lon csblodl o sl e el (ke e 2Ll 45,085 4359,0MLP J1 3liasy Audednell
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ciiatll Al § 11,85 ASY dnall 7 s 2 e¥ cugint 0 Hla ¥l sis Fl prexd @k 7 390l
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(2020
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bl Lo I} oLi¥l 859,00 po «aiSHl oyd Aagling sudall souxtl Adlas e Liyas sk
(Azam etal., 2025) ¢ |l sl sz Aeubll 819l HlLaslg
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Jo¥l kit 1-4-4
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Jo¥1 yladeld ¥ elasdl il Ll 1-1-4-4

Sllee Juais @3 3yl Y1 @laddl z3kas @ Ldols Jo¥1 lazeld A et bl s g

Jouzml zusgs Al 2l ymelly 25 Lkl ol paall e 13lazel sl B Ll gl e 5Las¥lg syl

« (MAE) ol Unsdl Lasoging « (R) Lyl dalae 13 8 Lay ez 3903 ST Aslias Yl o lo¥) ol iga B 4-1
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Lo Lasd Liylaiag 7 3leadl 485 @izt ell3g «(RRSE)

el Jaall bl sdall § dalusll JY @lasdl 7 3k oo &30 141 Jguzdl
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Gud caeas ol 52.59 52.34 0.04719 | 0.04067 0.8296 | Decision Tree ,|,all 8,=&
50 (8 > dgad Lanyal Random ailgdall el
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Bal alasials walall guedd! hall dbs] 3 J7 odad z3kes Zaes o 2ylae oyl
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O e 381539 Alle 505 380 J) o Les (LU 0.01926 =RMSE ) Tasell e Jasogil (ausll izl
oo Ay ilaly 2ol Al 3 (MLP) cladall 8aate duaall 3450adl cisly Aulaally Aadgill ol
s ol sl on dasdl e GEMall Jides e syl Leyad uSa Las «(R=0.9672) & 5aasSVM
SI (R = 0.9145) Fygiia 2al ylal was Jasedl Hlams¥l Lol Liwd el el lacllasd of ¥) el
ALy 5all Byzdt cye IS cyedal e ol 8 bpaall o Tadd Adasetl A8Mall 4 481 iy A8 J3T 0
a5 Lo gy sl @B cuaasyly bogmle JSho boladl Jalae paasesl dus iwd Bags 2157 2ulgdeall
Algdie Gle £ iges ol AUlad 51,8 8y o] oyl libo LS puey Aall pa> 2o3guns I S5
shall &bl sl diesMe (e 18559 8yttt sda (3 SVM 7 3905 Bads il s 3 45 cale JSda .S58
Abiles gyl (3 guadd!
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Jiad 095 5,09 SVM z3gai Adgige mludl sda Siai BelaSh z3ladl sia cupurd wbildl 2,8

Ayl oda (e Gl Glasll Al (3 gdall 2yl g5

S Slaall daluly sall § dalisll JY1 @lasdl 750 ool &5;lia :4-2 Jguzdl

Slasde RRSE (%) | RAE (%) | RMSE MAE R (@»‘3:5”) GS}Q.LN
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) 31.01 30.98 0.03933 | 0.03428 | 0.9449 | Decision Tree |, all 8 =4
SVM
. Random 4glgdall L,Lall
Gl capas ¢lal 48.25 49.57 0.06121 | 0.05485 | 0.8581

Forest

Scatter plot —iid!l sxie 1-1-4-4

il pes z3g0d (0 Aadaill @uall O zidg 4-5 ISl S Jhaell cdadl lalass Julxs

o 3 Jo¥ il &55lae AST cldl sl 5929 Aasdle pa ST el 7 Ly Alaal) @uall ale JSCin auls
@il e Boguas (y=x el s )AL @uall as e 30,8 bladll e spaadl ¢ Lasdls  Llad)
(0.0001 (4o J3T ilBg,al1) Ll 6 Bilazll 885 s 30.31349 10 0.2927 i dlasgilly dnaseil

el o 7 390l L o Ay ildl il ydas 50024545 500.2078 Jie udll (an die U3 aeg

114



il e AST 508 5929 J) iy e sa9 (Jlsall e 0.219290.2367) Lygole Sdn deladll cpa J3T of
Aglaall @uall e d5lall wlgdall @

04
e
0,35 >
ﬂ’f’
o

0,3 el .
— "
= e
= 025 -~
g o
8 e
< -
=02 -
ﬁ (] ”’I
3 —=t
2 015 Ko
= L
fod -
& -

0,1 P

-
"’,
p:
0,05 e i
=
L
.
"'
0
0 0,05 0,1 0,15 032 025 03 0,35 04

Actual Water-out (1)

SVMalmill pes Auanylss ploiials adgilly Ldasll ol gy sl lalases 14-5 (a1

«(7J0.2990 Andgall dagall) guinll § ety Unlasl ylad ;103452 wie dlaall o)f Lasdls LS
Ll cells pey Liud 2aasll all die z WYl 3eS 50085 (o J18 0685 08 7390l ol e Jos Les
(,U00.3653) 12> LBids 155 las 710.366 e 3 p5¥)

Gl ST bldl blas @lane § e S $350 g3l of Jalazell Lia oSy cale JSao

@ ezl of ALl ) Lol e 0oF 0SCas g oz Ll Aladly Alasogill udll e ldpdadl pamy (e

do¥ &yl § Amad) Bl e Lp3gazma of Jusddll Cagyls (s J) gad 0B clBg,all slia gl

G Aol Lyzenl) § clylaally B5ylae gudal) 485 Julas J) 6ol Lo o(Soaedl Loleall e aazai oS all)

o Gsd ol yelado Yorao z3gaill ¢lal Jlay el g (Arduino). (Saslogiol Juzead ollas Coodtieiul
Andgilly dulasll @uall

115



Residual scatter plot Acl| cdidldl hases 2-1-4-4

Ls oils e Aeige uaall paall of plad (46 JSad) G Jlaaeld il cdad)! gk

oo o 3529 LoDl o L] 2 lally Alasogill @udll e Biols Al gl bl (aay ao yagall

sy o @ o bolasd) sda wie 5all @ Al z3sedl 0T ) ada Lo 20/J 0.20789 013971 wic G

suia ke Alaall muall (o Jelanll ials Mo (wSay Loa 20/ 0.2454 5 0.3452 e misly lm] 3l

ol e Jos Lon clilaia s a3 ¥y paiall (ho 2y8 oal) @lans (i clBgpall sda oy byl

shall eloly 3all § dndsion Sim Lo sa9 liwd dulgde AasML elasWl (g Buga 2805 aedy 7 390!
¥l Clsrus Calises pe

0,05

.
0,03
.
0,01
4
[+~
= - = s
= + b i LJ
@ 0,05 0,1 0,15 0,2 0,25 03 0,35 ofa
~ g0 °
-0,03 L
-0,05

actual valeurs

S el il e el gl e al) LAt gorie 14-6 JSAJI

S aatl 2-4-4
Jiaill @ Lo lis i ye @3 @y «Alil] &yl 3 sl godaal] queidl Slaall ga S Ll
JLAJ_;YL"j ‘5.7.._'3.3)11\ ﬁ\mb asldly Zt._»)\):x.” EAPEY Y ZLL}A:,L ZLL.L._»).zJ.ﬂ SLLd! caed L ad

e Laysls Juloeis 2alisl) ol il o 25Nl slamily 853 e syl Blasys ey @3 ccsbilindl o e
sl 2 )

Sl el e bl AgaSly A lilly 21l clpiall o A8l Loldl Alasys s
O Bl Wl 3aS an ol Loll el ol gy Lasd (47 JSaN) wgyull allasdl 3(water_out)

6385 e didl £ L1 5305 0F ) i Loa (0.98 g LoLip¥l Jalas il g o sl ¢ Ll 8t po

116



Y @l uliias alasialy gueddl Jlaall el Julxs 4 Juasll

U310 2 331yl il (o 53T Bgd o) ol s sl 4 a3 LeS . Jaall oLl 408 83015 J) 8,500
Ayo o bgmle ) oLyl Sl (6,51 245U (10 .0.86 9 0.92 L)) Jolaey bl oLl 3uaSy 7yl
Aoys Ll laall elol cpances § Jaadl cndeaddl 595 (uSag Las <0.88 cuyliy Jalaay cquilill eWly oLl 3,1,
56505 ) Ao Lea <0.790 5udy byl Jalass mldl el Uasoga ol coylal uad ol slg i 5,1,
s 2 e s Lo L1 e e Lol o0 LAl § el 851, 2p09 £ Lasls Aiplaa 290l
d,lall 3 lwls ud bl cppall of Ag @l Al ol (e Juty Lo « 0.36-2aua ) 5ol @f g gl

Al Ayl

1.0

T_glass_in
0.8

T_glass_out
i 0.6

T_water
-0.4

T _ambient
5 0.2

wind_speed
-0.0

irradiance

water_out

T_ambient

irradiance
water out

£
w
0
&
o
=

T glass_out
wind_speed

A6l & ymenld gudaddl Slaall elol Slalas bob,) dlasys :4-7 JSad)

Slays 9 guadidl g lasfl (2 ouaddl alaazll 3.8 35,5500 Jolsall pal of dlas,sell j lad cale (S
A6 L 7L A yaag 1501 Byl Ay Bogzedl Jalgall o o & sl 8yl Bmys Linyly L3 851,
Ll sgu=a

117



Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

S jlad ol J¥1 olan) il Julws 1-2-4-4

B3 4-3 Jgumll § dissll Aslid) &yl § walad) Jaall e dadall 73kl gl oy lol
(R=0.9951) Lyl Jdalas el 3a> Eu caoly S (MLP) cladall 8sunie duanll A4 7 3508
@eally sl § 10> Adle 285 J) ady Lee (RMSE(SU 0.0083) 9MAE(AS 0.0051) o S oud ol
el e 28Iy Al ag,dl 3 algdiall Bladlg HLaN By 7 3903 elag sladll A LY Auaiall
e Adle )08 uSay Lo« (R>0.99)10 pasye Lol Jolang Lanaseio Ui @y Flies 717 [lsl Co>
(R =5z &85 ylol uad Jasdl Hlams¥l 2350 Lol .layielly cdlsall o Suiall SlaMall it
e Sl Jited @ dmpdgums ] azps 18 s 529 AayLudl 7z 3laidly 35,lan 3:LaS U381 ()8 4157.0.9894)
Aaiiye 418 elay @by Lyl sda (e anddl o bzl @es z3gad slol O (Llall § adazd)
Laall SISAS B9as 5 Las oz 3l Audy A5ylan el colS Uasdl @8 o ¥) « (R=0.9871)Guwd
aladl Slhalllia elaly st 3 lead¥l 7 ke

I quaddl Slaall A il sall 3 Aalusell J91 @ladll 7 3Les elol &3la0 :4-3 Jgazd!

SlasHla RRSE (%) | RAE (%) | RMSE MAE R (a._c.oj)b.ém) G.S}A.U‘
Aud Ayl 485 JB Support olezill @es
? 16.33 11.04 0.0138 0.0080 0.9871 PP et ™
shall lda 3 73kl Vector Machine
4By Jef— 73905 Jundl Soaia Amall ASE
uL‘-; < }M 9.80 7.06 0.0083 0.0051 0.9951 )
Uas (3l (MLP) =ladadl
o JB1 S B 48
o 815 Linear (Jos! =¥l
e Bueiall E.SLA.L” 14.40 11.65 0.0122 0.0085 0.9894 i
. Regression
o 10> s y8e 3liee ;‘.)i
O T 99 )
s 12.14 8.25 0.0103 0.0060 0.9925 Decision Tree /a1 5,=4
MLP
o . Random 4l dall lall
Lasl lias elal 13.04 8.38 0.0110 0.0061 0.9916

Forest

Scatter plot cd il sxie 2-2-4-4

S laaell (MLP) cladall saate Zutaall A80ad) 2uej)les albieiwly Sldd)l Gomie Juloxs

el 8,301 Lladl o) Jasds (48 JSadl) sl 7 W) oudy gudddl (3 z 39l £10T Bagar (ste A8y g

JUL ol s Joo 10 ylate S840 £9955 (Actual) Adasll @uall Lilas (Predicted) dadgall ouall
Ontesll (s 598 (33195 3929 ] ada e g9 ((ea¥) Laxll)

118




- J10.001- (10) Zagals Al b ) J) Jsss g 390id) o el < paunll (oo Aayall @ull 3

2L Sl § syl e Jadlos z3gaidl of e Juts Lo cliac B350 i 1 Sim LS (0,004

o dadgall @il oylaws (2a/ 0 0.20 — 0.05) dawgill @udll oo 3lasl S8 caldl ol wlgy Mg yanaseill

Sl slomsl sy 739l o e Jos Lo (Uyas 0.0052) 13 Aaials ciladlas| e sy S Aladll
Belasy el ysellg s ull o Adaall Al L padatang 3ubs JSCan

Ol las B8 of s pas G aladdl amy s ((2a/ 4020 ey AST) MM il e Lof

(0.265 Jslaa 0.241) boladll gus) 3 Mels 5l 18 1 7 390l ) dmi g 20/ 10 0.265 e odd! Jie

oo itz Lo a9 Bagumme SilBoyall sda A U3 niys (0.265 Jilis 0.235) 5 f Alaas § Sl g
.).Q.';}" Ll O WSMYLL&.&J\ fdo.a.nujs

Ll delas pe ol 2lle 480y arary el haall § z3geidl o Goeill lda oty (Jozlly

SN Hlaall Ay 06 ae iilety T Hlass¥l las Joo dalaing Baguma lélyily) 1 e oy (R (555

Gddl alelall e S soe e Jguaslly o Los ¢ (Arduino)k_;._dujsgi Jezud allas alastwly s
didll Jddasg 7 dgaidl cuyus e Jlidlg (Alialsilly

0,3
I"
0,25 "f
”‘ '
-
8 i
a0 02 /-'
2 d‘
ot ® "
5 o
? 0,15 g
o 8t ]
) ’f”
=
- 01
3 g
= L
= :‘a'
s Pig ]
/s 0,05 | el
A
n ‘
0,05 01 0,15 0,2 0,25 0(3

-0,05 .
Actual Water-out (1/m?)

setate Tpraall ASAN Aapylss aliial 2adgilly Alaall @il musgs LT alase :4-8 JSA])

(MLP) oadall

119



Residual scatter plot Acl| cdild! ahases 3-2-4-4

387 oo ikl @uall @ Usgmele Gols plad (4-9 JSadl) el Jlagall Jaall st oo
!l e Boame blas wie Zadadly Zoled) Sllal (any 3529 ae il Jo> eudll Lule
Cagaball Julazll 7 3gadl Jeo e o5 Gt s Bz go Llay dms (Gsall (o 2,8) 7 Litll Azl
0122 wie Jio eypqlall @ Adlad) Sllai¥l (any Tuws (Aplaall @uall g las)) aag Addaall @uall (ye
Jie @ wie (Jlall @ Llasll sda wie 5t § A z39eill OF J) ada Les <0.06350.1350.2155
oy izl @ually A5ylae §uitll (pe z Sl Julas e Jobs Lo liad 8T Azg0 Llay i 0,169 0.265
Lty z3sadl of e s Lo (Lealy Glas nas s Yo G Wilsdie LA a33o3 Gaay endsdill 1da
s 529 asall Joo Lud O3late JSio Aeign Auaall sllas¥l Gl sea Sy lpaall (o A8
sl slaly sdall § 735l 2idsign (e )

0,05

0,03

oot . s s

residuals
.
°
| J
-
o0
™
[ ]
-

-0,01 H ® o

-0,03

-0,05

actual valeurs

S uaddl il e alaiall g5l e ail) AT gorie 14-9 JSAJI

w1 slaall 3-4-4

sl s o sl Jsbios 025 o (2lal] Azl 3 Jg¥ el Sl wal, 1 jlaall Jiey

G19 ¢ (4-10 JSLat) Ayl ol pate calizes oy oLl Alas s oy Lo callaidl |da o10T euudnly . 3 9!
syl Bud ae 10> Blle Lmge 85y daisys (Glaall sll) 24eS) guadd! Slasll alis] of cyplsl
Syl s, Jaladl 5o g Lol oF uS50 Lo « (r20.94) U311 2 Lol 8yl oy pag (10.99) (el
Ot erge 598 boliyl yebay LS . adSilly yiedl dulas 3 7 sl 1ol MR cndend ooy Akaald

120



M elazll olaas ol il gueddl Jhall ¢lof Jylos 4 Jasl

ST ol (uSa Les o (r=0.80) bagzell Jasosdl 3yl> Az (1=0.68) slll 3y, dxyag ¢lll 2ueS
Wl Bolisyl cplal amylidl z sl 5l A2y cJolall 3 laall 30168 a3y § dagmll 2yl a9 lall
o0 3Ll (51428 835y 83 (o Lo 39 « (r=-0.52)¢ WLl Ay sl (r=-0.53) g Laidl (ya S o asugie
o &3 &z o gt AU 851yl Ay 358 (o0 iy Les i)y Ay £La35)) i gyl el
il @laneg (r=-0.38) oLl 2 Lis] o Adass Ay Uls a5y S g il 7 Lyl A pd (0S5
Lyl cgylally pladyl il Aylae sgume bl desll wuall 8 of dI ado Lea )l
gl il Bl 2oy pasey Shadall (Gl clo¥1 o Abysdl sl messs Flaz] sl
2l 8yl A9 2Ll ey Jte Bzl Jalgall Loy 2uls Il paliadl 8yl 32y09 (ouaadill

BeLaSO e Urdao of Bgsls Bals s (il

1.0
T-glass-in (°C)
0.8
T-glass-out (°C)
= 0.6
T-water (°C)
-0.4
T-ambient (*C) 0.2
wind-speed (m/s) - 0.0
irradiance (W/m?) -0.2
water-out (I/m?) -0.4

T-water (°C) =
T-ambient (*C)

e ==
) o
o E=3
s 2

-
£ 5
@ o
o a
o )
= o

'—

wind-speed (m/s)
irradiance (W/m2)
water-out (I/m?)

Aol dymall & oY) Gaaell sl lol clelal L)) dlayys :4-10 i)

121



Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

2ol 1 laiald J¥ elatll sl Juloes 1-3-4-4

4-4 Jouzll e Llazmsy J¥| @laddl z3lad yuds Jleai! @

oiadidl Slaall du il sain) 3 dalusel) J¥1 @landl 7 3las o1of 45)lae :4-4 Jgoel!

SlasMa RRSE (%) RAE (%) | RMSE | MAE R (l,«_.a”‘jaﬂ) G.S}a.m
Support olezill ees
13> o slaf 10.70 7.39 0.0125 | 0.0077 | 0.9942 PP ~
Vector Machine
. Sdaie Leall ASE])
Sbiee elal 9.39 7.53 0.0110 | 0.0078 | 0.9955
(MLP) csladatl
485 U8 S8 liae elai Linear _Jas! jlams¥|
o5 9.67 7.85 0.0113 | 0.0081 | 0.9952 S
M5P e Regression
1B el — 7 3gas Jundl
. ¢ }“ 8.13 5.67 0.0095 | 0.0059 | 0.9966 | DecisionTree ,l,all5,=4
Uas 3] 9
WSIMSP (e 1 o ,B Random 4lgduall 4,05
osd . g a > 9.49 5.65 0.0111 | 0.0059 | 0.9954
pAERFERE]] Forest

LAl By 7 dsas Bas Al &nymall § Jo¥) el Jlaall e Aadall z3led! il iy

0,0095) 9MAE (511 0.0059) (pe JSI s oty (R = 0.9966) Loyl Jalas (el 3a> dus cainly JSda
elog Aulaall Ay als o) olpsall o 48Nl it e 10> ddle 3,08 uSay Lae (RMSE (LU
Jobaeg sl @ud tum o Lhall Bymdd Llall Cylas elol Al a5l 3 Alsdall LI ziges
oladall 8ounie dpuantl ASad) Lol Azl ol § Hled ¥l e Buatall z 3kl 4dlad 5 L o LoLapl

LLallg 1Al By by 35ylae Gawd 81 480y (ST« (R%0.995) IS Blias 21oT |y lsl aad Jasell laz=s¥ly

s 7 5les die olazul Lee Adas 4 4l 095 08 ikl o A8 o ) i Les <Al gdinl)
z3leidl Ay A5ylae 385 J8T gy iS00 2ol bl me o 7 35ad T g3 T 2 o0 ST ISy
el laall e eloly iall § &ullad ASYI ol Lt ciliniylss oof 7 Liiias! 330y Lo g Aozl

122




il goia 2-3-4-4

plans Gas cs (DT el 8y g3l Adle 285 (4-11 ST ol 1 jladoll cd it gomie plad
all e old) Jolna 598 (Say Lo By 330 Lol ol e 2L Ias (0 10> 2,5 Loladll
Ulec 8,350 ne P9 (0.002- §0.001- ¢(yo) Aawabs Al 53 Céﬁ.ﬂi—” gla.a_s_ ‘CLI_»;)U 10> danazill
Al Jetad e 45,08 1S5, Les 10 Byie By iy Alaall @uall o jlies allas e 7z 3gaill Ladla,
ol e Jeladdl g Ty Jse pdand (3a/J 0.29 (o AST) dras, bl @il e Lol 480y 7 i dules
Say eple [ B! ddasl e aslee aladl slas¥l g U5 209 0.03 joleny ¥ (354, Alaall
@ sball ol st 3 3le 4859 7 350l flias 2101 Hlams¥l s Joo Ll @lanill assoal)

Predicted Water-out (1/m?)

0,3

0,2

0,1

0,05

-0,05

¥ Slsrus Caliss

l’-
"’ .
,‘;'&
>
.
e.-%
g
.
n
I"
-
® el
-
f"’
J"’
."
I“.
”
o 9
o 0.-®
e
¥
®
-
4
..
0,05 1 0,15 0,2 0,25 0,3 0,85

Actual Water-out (I/m?*)

DT 1,all 8y Buajlss alaiiuls Aadsalls sl @il i gs At Lalases :4-11 JSAJ!

123



Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

Residual scatter plot Acl| cddd)l lakhies 3-3-4-4

S Auadsill wall § Blan 8T laes ylad (412 JSadl) mal ) Jlagall Gl cdsdl) ot
sllas 3ammy gz 3geill O (e Ju5(0.0029 0 () 132 Btiis lilymil pa yinall Jgor Lladl elans 5855
& Lz slly ALl lal ¥l (nay T Alaall @il g lasyl e Bllaill Bl § Aulaall il pe 13u
O z3gadl o ) add (&lg 0.33290.31190.126 e Lz sl oldl ¥l Jia ccngline Sy sgedall
0.1989 0.1855 0.093 wic dzsdly Adlee ldlymsl Lol Laiy Jolaall clls § dulaal) @uall oo J3I
2383 g «old il sia 5929 pdyg Jolaidl sia wie @udll 305 § &l 7z 3seidl of e Juy Las 0.105 5
Lol lia .z 390l § sy 3 2929 pute | ada Les adladly 2 sl ol o G G3lge LLaAI
oaay Sl @ly el o A8l Jutes (e Ao 848 ae ple Syt zigaill sl 0L 2o
el Jedand s ) 7 biws 48 sl @il

0,05
0,03 ®
8
.
0,01 ™ ® o
v ® ] ™
[ L] o
S @
@ Y
° s ) ° s ¥ -
o 0859 e01 0,15 0,2 0,25 s o S 03 0,5
~ 01 | ® ® 5 L
° - .
.
b L]
0,03
0,05

actual valeurs

2l el Sl e aladall msb oo Al cd A g 14-12 S

ouiiy Liad gy allagy 395l Aglall dpmeall § LI Gl Jlaall sag W ualsddl laall

shall &) of yelad ol (413 K1) Bladl Ays (e bliasiy olpiall Layls 2ulys 2uleall
Bid ae 10 658 cuzge DLyl Jzxde s AWl &lhmdl Jalgally ulad IS 3l quadd!
33 3Ll ALl A8l ¢ Lasy) o uS3s Les o (r=0,90)s WLl 8)ly> dzyog (1= 0.99) guadidl ¢ Loyl
gl Il maadl 8yl Azps a0 piiie cizge byl uzg LS A i 5ol Jllly p2edl dulac
Ayo Jomew LTy pllaid) 8:LaS a8y § 03909 (3l ellasd) pe Byledl Jlamil uSiay Lo g9 «(r = 0.95)

124



M elanll laat alasial gueddl Jlall elof Julat 4 Jasl

B> 42539 (0 IS e by ciais bl Lass (Llall § . (r= 0,83) wuz bolg)l dlayll 31,1
& e A Azl Al Jalgadl o ) i Lo« (r = -0.28) 7 Lyl e g (1 2-0,57) (anylid! lasadl
shaell Jia¥l e 81 of bl aS5s dale 8ygumsy 4K 8 LaSO Llasy Slaall mlas cpe 8)ldl ¢ylaas
caly (i @ Al 1l Byl Llats¥ly gueddl g lad¥! poliatel gt e Jo¥1 Ayl detay
Bgils B9 Auzmylidl Cg)lall § Soml
Ly
T-glass-in (°C)

08

T-glass-out (°C})

-0.6

T-water (°C) -0.4

T-ambient (°C) -0.2

_ -0.0
wind-speed (m/s) = 0

= —0.2
irradiance (W/m?) 5 ] . -0.4: 0.99
-0.4
water-out (I/m?)
-0.6

T-water (°C)
T-ambient (°C)

s =
o [
-] -]
L2 2

-
& 5
@ o
© a
o "
= b

-

wind-speed (m/s)
irradiance (W/m?2)
water-out (I/m?2)

Aoltd) 2yl § S Ganlllaall 1T clelal Loyl alasys :4-13 JSadl
o) ladolb J¥I elaid| milis Jul=s 1-4-4-4

45 Jgazdl § Zoeosll Al Lyztll 3 G el ) Jlaall e 2aall z 3Ll il o ylol

I oud ol (R=0.9967) Loyl Jalae del 3am tu Logole (S duslgdadl Ll 73503 Bgas
Celag Jas Adle L35 8yudy Ablidiul 485 J) ady Lo (RMSE(U 0.0071) sMAE (U 0.0041) (4
Laasiae slhsl @8y (R =0.9951) a,lall go8 eloly 2l A5,l1 § wladall Bouats Lyanll A2
Bymd 739l ol cn> § . 3le Aoy Slpaall o sudall SlEMall Jited e Lpad e Juy bes (ax
Slazs¥ Ll il gl ol oo oy Yl J8T I8 ST MLP 5151 (e 20,89 10> B 483 lall
z 3leadly a5)Lae Gwd J8T colS Lazds o ¥ ¢ (R= 0.99) i 2107 Louid uad culizill pes 7 39ad9 ol

125



Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

i A Ll sedal) ¥ 6 Lpandl lSidly Hlea ¥l e daslall @lantl 7 3las o) uSs Lo «Aay Ll

oiadil Slaall du il 5ain) 3 Aalusel) J¥1 @landl 7 3las olof &5)lae :4-5 Jgoel!
<lasdle RRSE (%) | RAE (%) | RMSE | MAE | R (sl sel) 7 3 gl
MLP (40 285 31 Support bzl ees
13.82 9.13 0.0121 | 0.0071 | 0.9910 PP =
Random Foresty Vector Machine
: Sdais dyaall A A
Lndsio cllaslg ddle 48 9.84 7.39 0.0086 | 0.0057 | 0.9951
(MLP) sladatl
‘vo J81 S0 lias glol Linear _Jas! jlums¥l
v USJ 12.37 9.91 0.0108 | 0.0077 | 0.9921 .
&4 3kl Regression
(NESRVESATY 10.92 6.94 0.0095 | 0.0054 | 0.9939 | Decision Tree ,|,all 5 =i
A8y el — 7 dgad Jundi Random 4glgdall Ll
uLf € }M 8.17 5.30 0.0071 | 0.0041 | 0.9967
Uas J81 o Forest

S smin 2-4-4-4

Al gdal) L 7 390l 102 Adle B3y 485 (4-14 JSAdN) el Jlaally (olsdl cdadll omie ylad
@il §eadll iy die Jaad dagals culb] il g AL Las 3131eay boladdl 4 0le £5955 Eus (RF
—0.002) sl z ¥l Glt wy Bpiuadl Lzsll mudll (am z3seill Jomw ozl 13> 2assll
Y Ao ye 0 Flanl lee 350 pe S« yiuall aie Silis Glumil 8oy Lo 5 «(34/J 0.008

S oplaT e A8y Alaal) @uall Jided (e B3lies Byud 7 3gail) ylay ((35/J 0.038 (e AST) Lauasl
1 Al 89,8 i) . (25/ 0.20 (e AST) Aaasy bl @udll i (G 2unBlslly 2adgill @udll o
e 355 Y LS caaalall 3ol of Julasdl J) BT 7 390l oy o @8ykaal) Llaudl asy e
Ao 8elaSs 3uall e 5ol8 239l o J) lgludl i pdy WGdes Glas (lay 01 aladl slxs¥
Sl gyl aad e G 5l 3 Hlhdialy dblats | ae ladl) e li] Sligtiue prez

126




0,25 o
pé

= 02 /'.'.

s o

] -

r L
'5 0,15 : ,l'
= -
5 ar
ot ’r’
2 04 2

o B
(=8 ,»’

e |
0,05 ."/
o
f”’

o 44

0 0,05 a1 0,15 0,2 0,25 0,3

Actual Water-out (1/m?)

RF aslgdondl LUl Buailys aluiials dadgsllly Llasll odll gy cuiadll lalasa :4-14 (K211

Residual scatter plot _acll cdidl bhlhke 3-4-4-4

oo 10 40,8 aall @il @lase o o lad (415 IS Lualsd! ozl Al cLad gmie

sy Bl Ll 3 eleal) bolas adle § Adaally Aadaall @l (o iz 38155 e Joo Lo il
a8 z3gaill ()T ) s e (0.003-90.008~ Jie) duniseill @uall vie Aagalall Adldl o]l any
rge Ot LLa! Cglils claall @uall 8oL e Ayl Bl e Bdadll @all e SIS el il sy
G g 7 390ill sty ames ol (e Ju b 929 ¢(0.008+90.005— () 132 8 ke (s LS Al
ob G G el spaall Glemadl (aay Lol ddbhwgd) pudll wie 5l § Gladd) o
LLad a8l o 2aas, L) euall aie aesll 38lsall 3 sle S0 auagan) qudll oy Sdd J81 0 7 3901
slas s coylyatuly 7 3g90ill 483 (e Jus yasall dg> Lladd lgall asenll e Logoele JSCia yauall oo

127



oo poidl 1ia 3 z oY) SleaSs gail) Lalio dlazmy Los (Alles¥l sl B3s e B350 sé dduals
lylaall

0,05

0,03

0,01

residuals
.
o
o9
[ ]
e o
=
L
(=]
e
‘®
-
o
P
-|.=
(=]
=
[¥%5]
(=]
w

-0,03

-0,05

actual valeurs

ol s il Sasll e phaall s oy Aal) CLADN Gt :4-15 KA
Aaied| sl yladll Cs Bylie 5-4

Lyl Aladd gyl ylasll pes Bl calii Jaddl 39l 0l 4-6 Jodd| misg
(SVM) clzmill qes g 3gad Ba> Auidns gl 2dLaly lums Blaiag l1als flade culed &1« JoY)
o3 2o (J1s2)) (AeR=0.9567 gR=0.9757 ) paiye Lol Jolas domae oo oyl S § o1ol Ladl
@il ol el aeg ollaall aalnl sall § suue 485 (wSay Les (RMSE 9 MAE J litus dundseis
Adeidl @ el Bgaiog AST Galidy poands Jo¥1 & pall § bledl T ) 44TRMSE 9 MAE S i 4adsy Ll
ez ) ool Low «Bgas et Jo¥1 Apmtll § uliall Bulaoe oF J) 8,L801 ol o9 2lill Bpomtlly 5L
) s sy 08 Lo s cunyuill 3o Ll Ll e oo JU8 Qg B yzetll Lolaall (e 39dzma sue
Mozl 3 g Lasylg

[zl auis )l Jalia) Otiwms (yladas 1aals Blaie cded @ Al Lyl § Ll

(MLP) Zsanll SISGad) e Suatall 7 3leid) wdgas 3) . ale Sy z 3kaadl 1l 3 S (puams Lo g 128
Hlolae e cdma tis sy S SVM 7355 (e (RF) Aslgdeall 2ulatls (MSP) Llall sle il
485 e Juy Las «(0.01 (e JEIRMSE 9MAE) @8 (3 Lgmls (olazil an (R>0.995) 10 dadsye Ll
laolaall 058 J) i) 1ia (o ¢ 52 S3ads Sl paall op A8Mall Lolaa¥ Juasl 2,8y 10 dlle 35
oo A ST sde pex (e 050 Lea csinga ¥l e aaay JT allas alusiwl s 18 A6l Lyl

128



Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

Lzl Jdasy Juansl Ko eladdl e =3kl velu bo gag cplatio Silue RES| 39 Ayl Ll
J31 Sors ( ILYI e Liad¥) ga Gualiell Jlaall 3 (RF) Aty dadl LG o15T 0 pagiasdl dag e
Jelisy 7 390l muend e lle 3ya3 (uSay oo (RMSE (U 0.0071) sMAE (U0 0.0041) 5,251 2as

sl

el Shlhiald usdl 7 3ladl o 45lae 14-6 Jgoe|

RRSE RAE

RMSE MAE R Aayyl o)) > 3 geid| all
o | o (agasslsell) g 3gaid shil

Support Slill ees
21.46 19.84 19.26 15.42 0.9757 PP ™ ( L yzi — aala) 1 )Ia.iﬂ
Vector Machine ’

Support Sbezill ees
27.83 27.92 35.31 30.89 0.9567 PP ™ (1 & yzes — (yauma) 2 aill
Vector Machine ’

9.80 7.06 0.0083 | 0.0051 0.9951 (MLP)amall 4 ad! (2 4,25 — wala) 3 ,Lasll

813 567 | 00095 | 0.0059 | 0.9966 | DecisionTree y,allsymd | (2&ymi- 1 cyuns) 4 haall

Random aalgdall lall
8.17 5.30 0.0071 0.0041 0.9967 (2 3,25 — 2 yaumma) 5 Llaall
Forest ’

Laad 355 @ dulih &yl § wlylaall e dadall pwandl ol o J) mludl sda il

Bag> (s ] A8Ls| (BLaT J8Ts Lillans| ST obled) das § Ual ceaban s ol A bis] s )

Slea¥l e 2l £kl Gaguas — JU1 qlatll z3le %o syots Ida Al qae> 3L laolyall

e JolS 0 Jgall (Sees cles Jo¥1 Aymnlly Aylae wiSs el 5405 483 Budns (30 — Guoall odatll

Azl Dy Aol S 7 3Laid) 5l pe 2Slagigl oled liias slately dpesasat!] bl
Al 36y e Lol 50y i ol aall ol Cpusd 2llad

@© ol (Murugan et al,, 2023) &yl g5l ao (SWlg Jo¥1 Jlaall) 2wl pe ueddl ol ylaal) 8

alaziuly (Hyperparameter Tuning) clelaell Jie¥l lagall (e slaze¥l o dulyull oy lal
il cass Eus (gl JSChn 73k elal (s (o uia Random Searchy Grid Search .45
caly RMSE ) daasio oud pe (R%20.98) iy dyuxs Jalaay ¢lal Juadl (ANN) dpelia s dnnll

129




Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

(Real-Jaed L po il g3l sulas Jade e Ll sl ciiezel idy (0.012-0.015 L/m?)
AaBog dawlg obily sucld e Jsuazl 7T Las ctime logging)

4y23) Jo¥l ez el el (aladl) whlasll (e poall Guds muuds @3 Sl s @ «Jolally

Amls (P9« (R=0.9757) oLl Lalas als cmSVM 73905 Jlaaialy elol Juandl 3axs o (Bagams gy
Slall sue Lagazme Al (19.26 ml) G el cil€ RMSE @8 o) s (JWall mili oo 102 40,3
4d @3 gl cedldl Shall L gaae ISy oledall s sue ) 28Ls) (gl bl slaaely
Cudis o Al @l e ey Baas ol 1ad sua ¥l je Solosisl Jumad sl olasiul
12> dunasio RMSE daid ae (R=0.9951) aisye byl Jalas (MLP) ciladall 5oiaie daall a0l

Alyll §ANN 285 el B39l <(0.0083 L/m2)

Ayl Aalyog Adlodl Aalydl oy gedall & Y1 @lasdl 7 30ai 1] &55lia :4-7 Juzd|

[a a.a.yja t .
9 -
SUasHa RMSE R /R2 o ' Al yudl
T3 | sl | 7
f—Ua_";Y‘ uﬁ 43._\.3.7 48y Jj}” )Ja.él‘
Sok de
Loguloes i dadiyme R= )JQ.E_U)
19.26 ml SVM able) | owes
SNSRIV PO 0.9757 - 3 goulazll
(839 | Jubl gals T
Sladall ) (1 514)_'12.”
o el 48 elal Jasl ) . )
00083 |R Sailogisl ) adudl jhall
5ol Juady JWall ilss MLP ) shade ]
- Lm? | =09951 (Arduino) . Sall)
o e A . w
Lollaily blid! eze 3 oulasl
Jdt ol T
: (2 2l
Grid/Random _le deicl 0.012— R2~0.98 ANN Ssilagiol sbis | Muruganet)
colalall lgatSearch 0.015 gt | (al, 2023b
12 adle 485 L/m2 Jull gl

B e cdgar cedil Jhaall 3 Uogms el lda mli of mat oMlel 4-7 Joazll JM5 (1

(Grid/Random cilelall byl deudie wluas e aeiel ¥l of o2y, (Murugan et al, 2023)
Leo ¢ g9l ne 2uSlagio¥! luliall J) gl luliall o Jgmall ) Loluol ell3 53235 Search).
ozl H9adl 1) (8 Mats Likead 2Ll dagall L6 cddey 48LSy Lllanl AST bl e Jgsaxdl 7 Gl

130



Y @lanll s slaseialy gueadd) Jhall olol b= 4 Lasll

Lo \’ﬂS‘U J'{ST OsSe a8 Jale ga9 ‘2\.5.5.11.” C.SLA.L” 435 ﬁé) L_? PEPES 2\.5.”5 UL Baga st
Ale Sbbad) + Jae¥) Lagall) cpasall o ezl Belidiue BT midy s of LS ousy ilelall

A lad) sl )l @)3.@5.& Lo B9y elaf LS (5..)5.3_”
dsls 7-4

Laddl Shlall Ao loly sddl § LeelaS wadl ¥ @laddl 23k o uaddl 1da (e oy
Anjylgell £33 (po AST Loz g bl B9y Lialal Jausys 7 Slaidl 485 o)1 0 s Aiduellg Aplasl]
Syl Loy (Aol luliall dyogume @y slol Ladl SVM z3gas 3> (Jo¥) Lyl b Lis
2o 2By L ¥ly Laall SIS 23kl (bgmle Byas (Suilagso¥l allaall alutly 26lell 2yl
o gl (g (BeLaSTl 8 8 ceaalis darasatl] bt of Eludl ©uST LS s Ladsis slhsl
Sedtane Losoris aaidll 7 3leid) 7 et Lolal Jiag a8 olualiall sletely puasadd] poglas

131



dole)/ dailt)/



Llatl sl

Loladl Aaslsll

Lized Slopasas e guadd) sl elol s J) G Buzqin ol 29, L1 sia Cuazis

Bl o585 o180l saial) Y1 el cilagdasy goue Jelmty A5 50 (Aldyg Ailaie (3 Auilige oyl

G Ll JY1 @lanll 23l o AaRate Bjlaae 5 contlad ouililige cntayzs e Allelly Aleall
bzt (o Aimmial Sbld! legazme e il

sia cudes 3] Flas S0 lapu Gotin Sale 2515 Binae 2o Jlso) Jhe ( Jo¥) 2ymll 3

Byl a5 358 83lisg pagarl sle Cniead pupad ] 651 il Gl Jimgag g laidll patesS Aol

(%55 % 53L5) 20/ U 45 1) 26/ 70 2.9 (e Apasall Aum ¥l § usale g lasyl el e i ellaally s U o

Ado¥) 2alal o) Julmall (248 Aaliazd¥ ALl (e %41 ] %26.7 (e dylyzel LSO § ¢ Lasy g

Slgine 4.05 Jolie olgine 4.9 ) SLediaddl slasial 358 JUbl Las %69 Jlgmy curasy) ozl 7 3gail)

slerel wie 2olatd¥l Goumlly gadl sl on sllan 03155 3529 minss Lo 59 «gaudanll 350l
b=l

&l Jales Aol izl Jaall ¢ (TSS)aalad! Jlaall iliyg B ciyed aalall 4 ymetll §
slaald 215 s pllany sl ladlly « (MSS-1) 2udgaedl oldl (Sl pllai (o 8yl & L sl 44 5
AT A syl dgBlatl 3e LaSTlg 5, oLy Lolato| Coo (p0 MSS-T (13685 (B35 eiliall s 11 (MSS-2).
122/ A1 3.08 = Jilie 2a/ A 417 = duagy L lis] (a8l MSS-1 Uiud tdaline uslie gyl ixs
Ba> «eolatdVl gorudl deg Branall Cagylally blall slowdl aLT § TSS 324/ U 2.89 ~9MSS-2
78.3 5 &ylae (Bse 70.7 %) Hlatiedll slasiel 858 g puly ( U/ ¥93 0,0091%) A JSI 2415 J5IMSS-1
e 1.6591.92 Llae 3.89 &L Exergoeconomic ,dge el U LS« MSS-2 gy 73.25 TSS I gy
Sl Al (30 %75 % 2l Ea>) el Asgls e Aslie bl 7o) bl el ) 8Lyl Jlsall
bt Julasy gradl culgdall duadly (s 3 Lo [l (Aslge a2 B9yl 13 %25 mg @Dl udblo
Soieedl Z LYl Al S B9 (naoes ST Lgiadl ool ppuanll oliad s an,l 2llie Lag,ls (a8l e sl
TSS12a/ 711055.37 9 MSS-212a/ 70 1127.57 Jylaa « MSS-1325/ 41 1522.37

MLP lpall 5yzeit  Jasell 5lazei¥l) J¥1 olal] 2 3kes puos i oyt @lily pez ay

z 393 3y do¥) Ayl bl 3 A Yl suall e z3lead) Byud Judxtd (SVMy (Algdandl L)
& 45slaS e Iy Lo « (RMSE = 19.26 ml (MAE = 15.42 ml « R = 0.9757 )ale %gs 5,44, SVM
L_S_guﬁjj ezead )l &yl § bl Baga Cruses png .l aaall  Adasell e M) Lolaz)
L o Ty «Lagmele JSCiy z3leall 883 cunasyl (Slaolidll allanil iy Arduino allss Alauls,

133



Llatl sl

e o ualid! el 8 lerw ¥ — ¥l (amy 8 elol Juasl ra.la_’? (RandomForest) 445! g-dcall
Zanls il J] e ULl ey 339> ol Ll s 1S53 RMSE = 0.00715MAE % 0.0041 3R~ 0.9967

Sl ¥ 2 3gadl HLasl 3 Byag oo olaals clyiall o 485l

130 Gty o 3 Liogale Liuds (S Lple Jiamll luadl of aSss cilalyall sia alis 3
cdaatll o gl pedl of Aadailly colatll iy 4a) Aglymall @y iy § gl Jhaall
2o ATl 5L ATy B Y] § gals Slals ) s38e S Gelsdlly @olyondl JalSally Zpaontie
iz ¥ i) el ALie aBlye 3 Auleall Soinll (ruces Anomsll (Bl9all Julad) uaia> oLl
S1asy Als el et O Sy Alatxs Auloe lagdas J) ated s coumd lall ol e Lo
AlalSze ety bl (e Ao 2ulih a3y Laparas ll,E 35y Sucld Lag5e Al gLl 3 oLl
35T (e il sl gt 3 et B ey 2o Lat8 ¥ ilgaedl Blelye po o siall Jladl s §)
el G a8 Aaglaie § pltaag Jad 5l ) otz Bagame

Sy oy 5190 8ygum 2N At Il Lkl Anslieg (vogs Adianad | Jlae¥ls 3lam, Lod

olSlly HLall Cagyls 3 Bluall i ISy oYl Bl mudt) ST gy Blas e ¥l Aigls Al
Loy on O3les Buma @losSs HLasy Calua¥l sauate dltel ilimsliul Judasy sk (Adinl|
(a3l @ladl a3 § L) Gaudoedl (a3l (3 383 o8 Aalasl ity mpasas tialaiwly 4aiSallg
Ladsie Llme Lole lsdby Gl cppies slge BLASIwl 5elaSs Aumdl BligSU Juads 5,1
e slouz olaal guzma sl IS0 ALLs Alog Lolatsl el elia] tGles puiimill 2llag 22051
soban ae Bueddl llaall JalSs e addnadl clahadl 5555 ol muas tdashlly lawgill gall
Cilan o Jle et plad]) Al el 2 Ladl Bglyosall Bkl § «gosld] 3lee JSI AL Bourzeil ] 251N
Badie slge Jloaiul gblill pe Loleg « Lpuaddl S3S,Us PV/T Slisg s Jiadd (5,800 sl ctps
ol bl (e Bde Aieh caidaisg Lilus ¥S559, a9 9 Leelgsly danadl] Aadash (ugili slga  glall

134



é.?b.[/idﬁ



SUNEWIE

Abd Elaziz, M., Essa, F. A., & Elsheikh, A. H. (2021). Utilization of ensemble
random vector functional link network for freshwater prediction of active
solar stills with nanoparticles. Sustainable Energy Technologies and
Assessments, 47, 101405.

Abd Elaziz, M., Senthilraja, S., Zayed, M. E., Elsheikh, A. H., Mostafa, R. R., &
Lu, S. (2021). A new random vector functional link integrated with mayfly
optimization algorithm for performance prediction of solar photovoltaic
thermal collector combined with electrolytic hydrogen production system.
Applied Thermal Engineering, 193, 117055.

Abdelgaied, M., Zakaria, Y., Kabeel, A. E., & Essa, F. A. (2021). Improving the
tubular solar still performance using square and circular hollow fins with

phase change materials. Journal of Energy Storage, 38.
https://doi.org/10.1016/j.est.2021.102564

Abdelmaksoud, W. A. (2025). Enhancing water productivity of solar still using
thermal energy storage material and flat plate solar collector. Applied Water
Science, 15(2). https://doi.org/10.1007/s13201-024-02340-x

Abdullah, A. S., Essa, F. A., Bacha, H. Ben, & Omara, Z. M. (2020). Improving
the trays solar still performance using reflectors and phase change material

with nanoparticles. Journal of Energy Storage, 31, 101744.
https://doi.org/10.1016/J.EST.2020.101744

Abdullah, A. S., Joseph, A., Sharshir, S. W., Edreis, E. M. A., Attia, M. E. H., &
Elashmawy, M. (2025). A review of innovative materials and techniques in
solar stills: A focus on heat localization and thin film evaporation. Results
in Engineering, 104348.

Abo-FElfadl, S., Yousef, M. S., & Hassan, H. (2021). Energy, exergy, economic
and environmental assessment of using different passive condenser designs
of solar distiller. Process Safety and Environmental Protection, 148, 302—
312. https://doi.org/10.1016/j.psep.2020.10.022

AbuShanab, W. S., Elsheikh, A. H., Ghandourah, E. 1., Moustafa, E. B., &
Sharshir, S. W. (2022). Performance improvement of solar distiller using
hang wick, reflectors and phase change materials enriched with nano-

additives. Case Studies in Thermal Engineering, 31.
https://doi.org/10.1016/j.csite.2022.101856

Afzal, S., Ziapour, B. M., Shokri, A., Shakibi, H., & Sobhani, B. (2023).
Building energy consumption prediction using multilayer perceptron neural
network-assisted models; comparison of different optimization algorithms.
Energy, 282, 128446.

Alawee, W. H., Abdullah, A. S., Mohammed, S. A., Majdi, A., Omara, Z. M., &
Younes, M. M. (2022). Testing a single slope solar still with copper heating
coil, external condenser, and phase change material. Journal of Energy
Storage, 56. https://doi.org/10.1016/j.est.2022.106030

136



SUNEWIE

Alawee, W. H., Essa, F. A., Mohammed, S. A., Dhahad, H. A., Abdullah, A. S.,
Omara, Z. M., & Gamiel, Y. (2021). Improving the performance of pyramid
solar distiller using dangled cords of various wick materials: Novel working

mechanism of wick. Case Studies in Thermal Engineering, 28.
https://doi.org/10.1016/j.csite.2021.101550

Al-Obaidi, M. A., Zubo, R. H. A., Rashid, F. L., Dakkama, H. J., Abd-
Alhameed, R., & Mujtaba, 1. M. (2022). Evaluation of Solar Energy

Powered Seawater Desalination Processes: A Review. In Energies (Vol. 15,
Number 18). MDPI. https://doi.org/10.3390/en15186562

Al-qaness, M. A., Ewees, A. A., Fan, H., Abualigah, L., Elsheikh, A. H., & Abd
Elaziz, M. (2023). Wind power prediction using random vector functional
link network with capuchin search algorithm, Ain Shams Eng. J.

Algsair, U. F. (2024). Enhancement the production of trays solar still via nano
phase change material and preheating feed-water. Case Studies in Thermal
Engineering, 53, 103822. https://doi.org/10.1016/J.CSITE.2023.103822

Algsair, U. F., Abdullah, A. S., Younes, M. M., Omara, Z. M., & Essa, F. A.
(2024). Augmenting hemispherical solar still performance: A multifaceted
approach with reflectors, external condenser, advanced wick materials, and
nano-PCM integration. Case Studies in Thermal Engineering, 61, 104890.
https://doi.org/10.1016/J.CSITE.2024.104890

Alsehli, M. (2024). Maximizing solar distillation efficiency and cost-
effectiveness with the rotating ball spherical solar still: An energetic,
exergetic, and economic analysis. Process Safety and Environmental
Protection, 182, 234-244.
https://doi.org/https://doi.org/10.1016/).psep.2023.11.076

Alwan, N. T., Shcheklein, S. E., & Ali, O. M. (2021). Evaluation of distilled
water quality and production costs from a modified solar still integrated
with an outdoor solar water heater. Case Studies in Thermal Engineering,
27. https://doi.org/10.1016/j.csite.2021.101216

Anika, U. A., Kibria, M. G., Kanka, S. D., Mohtasim, M. S., Paul, U. K., & Das,
B. K. (2024a). Exergy, exergo-economic, environmental and sustainability
analysis of pyramid solar still integrated hybrid nano-PCM, black sand, and
sponge. Solar Energy, 274. https://doi.org/10.1016/j.solener.2024.112559

Anika, U. A., Kibria, M. G., Kanka, S. D., Mohtasim, M. S., Paul, U. K., & Das,
B. K. (2024b). Exergy, exergo-economic, environmental and sustainability
analysis of pyramid solar still integrated hybrid nano-PCM, black sand, and
sponge. Solar Energy, 274. https://doi.org/10.1016/j.solener.2024.112559

Anju, L. (2016). ISSN: 2454-132X Impact factor: 4.295 Distance Sensing with
Ultrasonic Sensor and Arduino. In International Journal of Advance
Research. www.ijariit.com

137



SUNEWIE

Arana Juve, J. M., Christensen, F. M. S., Wang, Y., & Wei, Z. (2022).
Electrodialysis for metal removal and recovery: A review. In Chemical
Engineering Journal (Vol. 435). Elsevier B.V.
https://doi.org/10.1016/j.cej.2022.134857

Arduino. (2025). Arduino Mega 2560 Rev3.
https://store.arduino.cc/products/arduino-mega-2560-rev3

Arunkumar, T., Wang, J., Dsilva Winfred Rufuss, D., Denkenberger, D., &
Kabeel, A. E. (2020). Sensible desalting: Investigation of sensible thermal
storage materials in solar stills. Journal of Energy Storage, 32, 101824.
https://doi.org/10.1016/J.EST.2020.101824

Ashraf, E., Kabeel, A. E., Elmashad, Y., Ward, S. A., & Shaban, W. M. (2023).
Predicting solar distiller productivity using an Al Approach: Modified
genetic algorithm with Multi-Layer Perceptron. Solar Energy, 263, 111964.

Attia, M. E. H., Karthick, A., Manokar, A. M., Driss, Z., Kabeel, A. E.,
Sathyamurthy, R., & Sharifpur, M. (2021). Sustainable potable water
production from conventional solar still during the winter season at
Algerian dry areas: energy and exergy analysis. Journal of Thermal
Analysis and Calorimetry, 145(3), 1215-1225.
https://doi.org/10.1007/s10973-020-10277-x

Azam, F., Akhtar, N., & Husain, S. (2025). Machine learning models for
performance estimation of solar still in a humid sub-tropical region.
Discover Atmosphere, 3(1), 1-17.

Azhari, Nasution, T. L., Sinaga, S. H., & Sudiati. (2023). Design of Monitoring
System Temperature And Humidity Using DHT22 Sensor and NRF24L01
Based on Arduino. Journal of Physics: Conference Series, 2421(1).
https://doi.org/10.1088/1742-6596/2421/1/012018

Bamasag, A., Essa, F. A., Omara, Z. M., Bahgat, E., Alsaiari, A. O., Abulkhair,
H., Alsulami, R. A., & Elsheikh, A. H. (2022). Machine learning-based
prediction and augmentation of dish solar distiller performance using an
innovative convex stepped absorber and phase change material with
nanoadditives. Process Safety and Environmental Protection, 162, 112—123.

Bataineh, K. M., & Abbas, M. A. (2020). Performance analysis of solar still
integrated with internal reflectors and fins. Solar Energy, 205, 22-36.
https://doi.org/10.1016/j.solener.2020.04.059

Chauhan, R., Dumka, P., & Mishra, D. R. (2022). Experimental evaluation and
development of artificial neural network model for the solar stills

augmented with the permanent magnet and sandbag. J Adv Therm Sci Res,
9, 9-23.

Chauhan, R., Sharma, S., Pachauri, R., Dumka, P., & Mishra, D. R. (2020).
Experimental and theoretical evaluation of thermophysical properties for

138



SUNEWIE

moist air within solar still by using different algorithms of artificial neural
network. Journal of Energy Storage, 30, 101408.

Chemkhi, S., & Madiouli, J. (2022). Experimental study of a single slope solar
distiller: productivity improvement by sensible heat storage materials. In
International Days on Thermal Science and Energy (pp. 353-362).
Springer.

Danish, S. N., El-Leathy, A., Alata, M., & Al-Ansary, H. (2019). Enhancing
solar still performance using vacuum pump and geothermal energy.
Energies, 12(3). https://doi.org/10.3390/en12030539

Dey, A. (2016). Machine learning algorithms: a review. International Journal of
Computer Science and Information Technologies, 7(3), 1174—-1179.

Dhivagar, R., Jidhesh, P., Omara, A. A. M., Kannan, K. G., Prabakaran, R., &
Kim, S. C. (2025). A comprehensive assessment on a double slope solar still
integrated with solar photovoltaic panel and phase change material for
sustainable power and freshwater cogeneration. Applied Thermal
Engineering, 274, 126676.
https://doi.org/10.1016/J. APPLTHERMALENG.2025.126676

Dhivagar, R., & Kannan, K. G. (2022). Thermodynamic and economic analysis
of heat pump-assisted solar still using paraffin wax as phase change
material. Environmental Science and Pollution Research, 29(2), 3131—
3140. https://doi.org/10.1007/s11356-021-17183-1

El Hadi Attia, M., Zayed, M. E., Kabeel, A. E., Abdullah, A. S., & Abdelgaied,
M. (2023). Energy, exergy, and economic analyses of a modified
hemispherical solar distiller augmented with convex absorber basin, wicks,
and PCM. Solar Energy, 261, 43-54.
https://doi.org/10.1016/j.solener.2023.05.057

Elashmawy, M. (2017). An experimental investigation of a parabolic
concentrator solar tracking system integrated with a tubular solar still.
Desalination, 411, 1-8. https://doi.org/10.1016/j.desal.2017.02.003

Elaziz, M. A., Essa, F. A., Khalil, H. A., El-Sebaey, M. S., Khedr, M., &
Elsheikh, A. (2024). Productivity prediction of a spherical distiller using a
machine learning model and triangulation topology aggregation optimizer.
Desalination, 585, 117744. https://doi.org/10.1016/J.DESAL.2024.117744

Elgendi, M., & Atef, M. (2023). Calculating the impact of meteorological
parameters on pyramid solar still yield using machine learning algorithms.
International Journal of Thermofluids, 18, 100341.

El-Ghandour, M., Elminshawy, N. A. S., & Soliman, M. S. (2025). Performance
of a solar still combined with external energy storage and Fresnel lens
concentrator. Journal of Energy Storage, 128, 117222.
https://doi.org/10.1016/J.EST.2025.117222

139



SUNEWIE

Elsheikh, A. H., Saba, A. 1., Abd Elaziz, M., Lu, S., Shanmugan, S.,
Muthuramalingam, T., Kumar, R., Mosleh, A. O., Essa, F. A., &
Shehabeldeen, T. A. (2021). Deep learning-based forecasting model for
COVID-19 outbreak in Saudi Arabia. Process Safety and Environmental
Protection, 149, 223-233.

Elsheikh, A. H., Shanmugan, S., Sathyamurthy, R., Thakur, A. K., Issa, M.,
Panchal, H., Muthuramalingam, T., Kumar, R., & Sharifpur, M. (2022).
Low-cost bilayered structure for improving the performance of solar stills:
Performance/cost analysis and water yield prediction using machine
learning. Sustainable Energy Technologies and Assessments, 49, 101783.

Elsheikh, A. H., Sharshir, S. W., Abd Elaziz, M., Kabeel, A. E., Guilan, W., &
Haiou, Z. (2019). Modeling of solar energy systems using artificial neural
network: A comprehensive review. Solar Energy, 180, 622—639.

Eltawil, M. A., & Omara, Z. M. (2014). Enhancing the solar still performance
using solar photovoltaic, flat plate collector and hot air. Desalination, 349,
1-9. https://doi.org/10.1016/J.DESAL.2014.06.021

Esfahani, J. A., Rahbar, N., & Lavvaf, M. (2011). Utilization of thermoelectric
cooling in a portable active solar still — An experimental study on winter
days. Desalination, 269(1-3), 198-205.
https://doi.org/10.1016/J.DESAL.2010.10.062

Essa, F. A., Abd Elaziz, M., & Elsheikh, A. H. (2020). An enhanced productivity
prediction model of active solar still using artificial neural network and
Harris Hawks optimizer. Applied Thermal Engineering, 170, 115020.

Essa, F. A., Abdullah, A. K., Majdi, H. S., Basem, A., Dhahad, H. A., Omara, Z.
M., Mohammed, S. A., Alawee, W. H., Ezzi, A. Al, & Yusaf, T. (2022).
Parameters Affecting the Efficiency of Solar Stills—Recent Review. In
Sustainability (Switzerland) (Vol. 14, Number 17). MDPIL.
https://doi.org/10.3390/su141710668

Essa, F. A., Abdullah, A. S., Alawee, W. H., Alarjani, A., Algsair, U. F.,
Shanmugan, S., Omara, Z. M., & Younes, M. M. (2022). Experimental
enhancement of tubular solar still performance using rotating cylinder,
nanoparticles’ coating, parabolic solar concentrator, and phase change

material. Case Studies in Thermal Engineering, 29.
https://doi.org/10.1016/j.csite.2021.101705

Essa, F. A., Abou-Taleb, F. S., & Diab, M. R. (2025). Experimental investigation
of vertical solar still with rotating discs. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 47(1), 9458-9478.
https://doi.org/10.1080/15567036.2021.1950238

Essa, F. A., Alawee, W. H., Mohammed, S. A., Abdullah, A. S., & Omara, Z. M.
(2021). Enhancement of pyramid solar distiller performance using
reflectors, cooling cycle, and dangled cords of wicks. Desalination, 506.
https://doi.org/10.1016/j.desal.2021.115019

140



SUNEWIE

FAO. (2025). Water scarcity. https://www.fao.org/land-water/water/water-
scarcity/en/?utm_source=chatgpt.com

Fathy, M., Hassan, H., & Salem Ahmed, M. (2018). Experimental study on the
effect of coupling parabolic trough collector with double slope solar still on
its performance. Solar Energy, 163, 54—61.
https://doi.org/10.1016/j.solener.2018.01.043

Fekraoui A. (2010). Geothermal Activities in Algeria. In Proceedings World
Geothermal Congress.

Fritzing Team. (2025). Fritzing. https://fritzing.org/

Ghandourah, E., Panchal, H., Fallatah, O., Ahmed, H. M., Moustafa, E. B., &
Elsheikh, A. H. (2022). Performance enhancement and economic analysis
of pyramid solar still with corrugated absorber plate and conventional solar
still: A case study. Case Studies in Thermal Engineering, 35, 101966.

Gopi, G., Premalatha, M., & Arthanareeswaran, G. (2022). Transient
mathematical modelling and investigation of radiation and design
parameters on the performance of multi-effect solar still integrated with

evacuated tube collector. Energy Conversion and Management: X, 14.
https://doi.org/10.1016/j.ecmx.2022.100210

Gude, V. G., & Fthenakis, V. (2020). Energy efficiency and renewable energy
utilization in desalination systems. Progress in Energy, 2(2), 022003.

Hale, G. (2020). The Effect of COVID-19 on CO2 Emissions. California, CA,
USA: University of California.

Hameed, H. G. (2022). Experimentally evaluating the performance of single
slope solar still with glass cover cooling and square cross-section hollow
fins. Case Studies in Thermal Engineering, 40.
https://doi.org/10.1016/j.csite.2022.102547

Hammadi, S. H. (2020). Integrated solar still with an underground heat
exchanger for clean water production. Journal of King Saud University -
Engineering Sciences, 32(5), 339-345.
https://doi.org/10.1016/j.jksues.2019.04.004

Hassan, H. (2020). Comparing the performance of passive and active double and
single slope solar stills incorporated with parabolic trough collector via
energy, exergy and productivity. Renewable Energy, 148, 437-450.
https://doi.org/https://doi.org/10.1016/j.renene.2019.10.050

Hassan, H., & Abo-Elfadl, S. (2017). Effect of the condenser type and the
medium of the saline water on the performance of the solar still in hot

climate conditions. Desalination, 417, 60—68.
https://doi.org/10.1016/J.DESAL.2017.05.014

Hassan, H., Ahmed, M. S., & Fathy, M. (2019). Experimental work on the effect
of saline water medium on the performance of solar still with tracked

141



SUNEWIE

parabolic trough collector (TPTC). Renewable Energy, 135, 136—147.
https://doi.org/10.1016/J.RENENE.2018.11.112

Hassan, H., Ahmed, M. S., Fathy, M., & Yousef, M. S. (2020). Impact of salty
water medium and condenser on the performance of single acting solar still
incorporated with parabolic trough collector. Desalination, 480, 114324,
https://doi.org/10.1016/J.DESAL.2020.114324

Hassan, H., Yousef, M. S., & Fathy, M. (2021). Productivity, exergy,
exergoeconomic, and enviroeconomic assessment of hybrid solar distiller

using direct salty water heating. Environmental Science and Pollution
Research, 28(5), 5482—5494. https://doi.org/10.1007/s11356-020-10803-2

Hassan, H., Yousef, M. S., Fathy, M., & Ahmed, M. S. (2020). Assessment of
parabolic trough solar collector assisted solar still at various saline water
mediums via energy, exergy, exergoeconomic, and enviroeconomic
approaches. Renewable Energy, 155, 604-616.
https://doi.org/10.1016/j.renene.2020.03.126

Hassan, R., Barua, H., & Das, B. K. (2021). Energy, exergy, exergo-
environmental, and exergetic sustainability analyses of a gas engine-based
CHP system. Energy Science & Engineering, 9(12), 2232-2251.

Hosseinifard, F., Salimi, M., & Amidpour, M. (2025). Evaluating economic
feasibility and machine learning-driven prediction for solar still desalination
in Iran. Results in Engineering, 25, 103823.

Huang, X., Wang, H., Luo, W., Xue, S., Hayat, F., & Gao, Z. (2021). Prediction
of loquat soluble solids and titratable acid content using fruit mineral
elements by artificial neural network and multiple linear regression. Scientia
Horticulturae, 278, 109873.

Ibrahim, A. G. M., Allam, E. E., & Elshamarka, S. E. (2015). A modified basin
type solar still: Experimental performance and economic study. Energy, 93,
335-342. https://doi.org/10.1016/j.energy.2015.09.045

Immanual, R., Kannan, K., Sanjana, N., & Kirthika, K. M. (2025). Performance
enhancement of solar still desalination using sound agitation and
condensation: A comparative study. Desalination and Water Treatment,
321, 100923. https://doi.org/10.1016/J.DWT.2024.100923

Jasim, M. A., Ahmed, O. K., & Alaiwi, Y. (2023). Performance of solar stills
integrated with PV/Thermal solar collectors: A review NTU Journal for
Renewable Energy Available online at:
https://journals.ntu.edu.ig/index.php/NTU-JRE. NTU Journal for
Renewable Energy, 4(1), 97-111. https://doi.org/10.56286/ntujre.v4il

Jodah, F. T., Alawee, W. H., Dhahad, H. A., & Omara, Z. M. (2024).
Comparative analysis of design parameters impacting the performance of
pyramidal and spherical solar stills: A review. In Desalination and Water

142



SUNEWIE

Treatment (Vol. 319). Elsevier B.V.
https://doi.org/10.1016/j.dwt.2024.100545

Jo’rayev, F. D., Ochilov, M. A., Rakhimov, A. M., & Doliyev, S. Q. (2023).
Algorithms for improving models of optimal control for multi-parametric
technological processes based on artificial intelligence. E3S Web of
Conferences, 460, 04013.

Kabeel, A. E., Abdelaziz, G. B., & El-Said, E. M. S. (2019). Experimental
investigation of a solar still with composite material heat storage: Energy,
exergy and economic analysis. Journal of Cleaner Production, 231, 21-34.
https://doi.org/10.1016/J.JCLEPRO.2019.05.200

Kabeel, A. E., & Abdelgaied, M. (2017). Observational study of modified solar
still coupled with oil serpentine loop from cylindrical parabolic concentrator
and phase changing material under basin. Solar Energy, 144, 71-78.
https://doi.org/10.1016/J.SOLENER.2017.01.007

Kabeel, A. E., Attia, M. E. H., Bellila, A., El-Maghlany, W. M., Fayed, M.,
Abdullah, A. S., & Zidane, I. F. (2023). The impact of the corrugated
absorber shape on the performance of a hemispherical solar still for water

desalination: an experimental study. Applied Water Science, 13(4).
https://doi.org/10.1007/s13201-023-01907-4

Kabeel, A. E., Elazab, M. A., El Hadi Attia, M., Elshaarawy, M. K., Hamed, A.
K., Alsaadawi, M. M., Elnasr, M. A., & Bady, M. (2024). Exploring the
potential of conical solar stills: Design optimization and enhanced

performance overview. Desalination and Water Treatment, 320, 100642.
https://doi.org/10.1016/J.DWT.2024.100642

Kabeel, A. E., Harby, K., Abdelgaied, M., & Eisa, A. (2020). A comprehensive
review of tubular solar still designs, performance, and economic analysis.
Journal of Cleaner Production, 246, 119030.
https://doi.org/10.1016/J.JCLEPRO.2019.119030

Kabeel, A. E., Khairat Dawood, M. M., Ramzy, K., Nabil, T., Elnaghi, B., &
elkassar, A. (2019). Enhancement of single solar still integrated with solar
dishes: An experimental approach. Energy Conversion and Management,
196, 165—174. https://doi.org/10.1016/j.enconman.2019.05.112

Katekar, V. P., & Deshmukh, S. S. (2021). Techno-economic review of solar
distillation systems: A closer look at the recent developments for
commercialisation. In Journal of Cleaner Production (Vol. 294). Elsevier
Ltd. https://doi.org/10.1016/j.jclepro.2021.126289

Kemerchou, 1., Abderrahim, A., Khechekhouche, A., & Bellila, A. (2024).
Enhancing solar still efficiency in southeastern Algeria: An experimental
case with palm stems. Desalination and Water Treatment, 317, 100148.
https://doi.org/10.1016/J.DWT.2024.100148

143



SUNEWIE

Khairat Dawood, M. M., Nabil, T., Kabeel, A. E., Shehata, A. 1., Abdalla, A. M.,
& Elnaghi, B. E. (2020). Experimental study of productivity progress for a
solar still integrated with parabolic trough collectors with a phase change

material in the receiver evacuated tubes and in the still. Journal of Energy
Storage, 32. https://doi.org/10.1016/j.est.2020.102007

Khan, M. A. Z., Wahab, A., Khan, K., Ahmad, N., & Kamran, M. A. (2023).
Energy, exergy, exergo-economic, enviro-economic, exergo-environmental,
exergo-enviro-economic, sustainability and sensitivity (6E, 2S) analysis on
single slope solar still—An experimental study. PLoS One, 15(8),
€0290250.

Khanmohammadi, S., Khanjani, S., & Musharavati, F. (2022). Experimental
study and economic examination of double-glazed solar still desalination

with a thermoelectric cooling system. Sustainable Energy Technologies and
Assessments, 54. https://doi.org/10.1016/j.seta.2022.102854

Khatod, K. J., Katekar, V. P., & Deshmukh, S. S. (2022). An evaluation for the
optimal sensible heat storage material for maximizing solar still
productivity: A state-of-the-art review. Journal of Energy Storage, 50,
104622. https://doi.org/10.1016/J.EST.2022.104622

Kondaveeti, H. K., Kumaravelu, N. K., Vanambathina, S. D., Mathe, S. E., &
Vappangi, S. (2021). A systematic literature review on prototyping with
Arduino: Applications, challenges, advantages, and limitations. In
Computer Science Review (Vol. 40). Elsevier Ireland Ltd.
https://doi.org/10.1016/j.cosrev.2021.100364

Kouravand, A., Tamjid Shabestari, S., Zirak, N., Kasaeian, G., Fereidooni, L., &
Kasaeian, A. (2025). Thermal management strategies for a portable double
slope solar still with energy storage: An experimental study for enhancing
the performance. Next Energy, 8, 100244.
https://doi.org/10.1016/J.NXENER.2025.100244

Louis, L. (2016). Working Principle of Arduino and Using it as a Tool for Study
and Research. International Journal of Control, Automation,

Communication and Systems, 1(2), 21-29.
https://doi.org/10.5121/ijcacs.2016.1203

Madhuri, R. V. S., Said, Z., Thsanullah, 1., & Sathyamurthy, R. (2025). Solar
energy-driven desalination: A renewable solution for climate change
mitigation and advancing sustainable development goals. In Desalination
(Vol. 602). Elsevier B.V. https://doi.org/10.1016/j.desal.2025.118575

Mahian, O., Kianifar, A., Heris, S. Z., Wen, D., Sahin, A. Z., & Wongwises, S.
(2017). Nanofluids effects on the evaporation rate in a solar still equipped
with a heat exchanger. Nano Energy, 36, 134—155.
https://doi.org/10.1016/J.NANOEN.2017.04.025

Manokar, A. M., Vimala, M., Sathyamurthy, R., Kabeel, A. E., Winston, D. P.,
& Chamkha, A. J. (2020). Enhancement of potable water production from

144



SUNEWIE

an inclined photovoltaic panel absorber solar still by integrating with flat-
plate collector. Environment, Development and Sustainability, 22(5), 4145—
4167. https://doi.org/10.1007/s10668-019-00376-7

Mashaly, A. F., & Alazba, A. A. (2017a). Application of adaptive neuro-fuzzy
inference system (ANFIS) for modeling solar still productivity. Journal of
Water Supply: Research and Technology—AQUA, 66(6), 367-380.

Mashaly, A. F., & Alazba, A. A. (2017b). Artificial intelligence for predicting
solar still production and comparison with stepwise regression under arid
climate. Journal of Water Supply: Research and Technology—AQUA,
66(3), 166—-177.

Maxim Inc. (2021). MAX6675 Cold-Junction-Compensated K-Thermocouple- to-
Digital Converter (0°C to +1024°C). www.maximintegrated.com

Melouah, O., Eldosouky, A. M., & Ebong, E. D. (2021). Crustal architecture,
heat transfer modes and geothermal energy potentials of the Algerian
Triassic provinces. Geothermics, 96.
https://doi.org/10.1016/j.geothermics.2021.102211

Muftah, A. F., Alghoul, M. A., Fudholi, A., Abdul-Majeed, M. M., & Sopian, K.
(2014). Factors affecting basin type solar still productivity: A detailed

review. In Renewable and Sustainable Energy Reviews (Vol. 32, pp. 430—
447). https://doi.org/10.1016/j.rser.2013.12.052

Murugan, D. K., Said, Z., Panchal, H., Gupta, N. K., Subramani, S., Kumar, A.,
& Sadasivuni, K. K. (2023a). Machine learning approaches for real-time
forecasting of solar still distillate output. Environmental Challenges, 13,
100779.

Murugan, D. K., Said, Z., Panchal, H., Gupta, N. K., Subramani, S., Kumar, A.,
& Sadasivuni, K. K. (2023b). Machine learning approaches for real-time
forecasting of solar still distillate output. Environmental Challenges, 13,
100779.

Nazari, S., Bahiraei, M., Moayedi, H., & Safarzadeh, H. (2020). A proper model
to predict energy efficiency, exergy efficiency, and water productivity of a
solar still via optimized neural network. Journal of Cleaner Production,
277,123232.

Nazari, S., Safarzadeh, H., & Bahiraei, M. (2019). Performance improvement of
a single slope solar still by employing thermoelectric cooling channel and
copper oxide nanofluid: An experimental study. Journal of Cleaner
Production, 208, 1041-1052. https://doi.org/10.1016/j.jclepro.2018.10.194

Okati, V., Ebrahimi-Moghadam, A., Behzadmehr, A., & Farzaneh-Gord, M.
(2019). Proposal and assessment of a novel hybrid system for water

desalination using solar and geothermal energy sources. Desalination, 467,
229-244. https://doi.org/10.1016/j.desal.2019.06.011

145



SUNEWIE

Ouali, S., Hadjiat, M. M., Ait-Ouali, A., Salhi, K., & Malek, A. (2018).
Cartographie et caractérisation des ressources géothermiques de 1’ Algérie.
Revue Des Energies Renouvelables, 21, 54-61.
https://doi.org/10.54966/jreen.v2111.669

Ozcan, Y., & Deniz, E. (2023). Solar thermal waste heat energy recovery in solar
distillation systems by using thermoelectric generators. Engineering Science
and Technology, an International Journal, 40, 101362.
https://doi.org/10.1016/J.JESTCH.2023.101362

Ozcan, Y., Giirdal, M., & Deniz, E. (2025). Thermal behavior in solar distillation
system using experimental and machine learning approach with scaled
conjugated gradient algorithm. Desalination, 606, 118765.

Pal, P., Dev, R., Singh, D., & Ahsan, A. (2018). Energy matrices,
exergoeconomic and enviroeconomic analysis of modified multi—wick basin
type double slope solar still. Desalination, 447, 55-73.

Pal, P., Kumar Patel, S., Bharti, A., Narayan, A., Dev, R., & Singh, D. (2021).
Energy, exergy, energy matrices, exergoeconomic and enviroeconomic
assessment of modified solar stills. Sustainable Energy Technologies and
Assessments, 47. https://doi.org/10.1016/j.seta.2021.101514

Panagopoulos, A., Haralambous, K. J., & Loizidou, M. (2019). Desalination
brine disposal methods and treatment technologies - A review. In Science of
the Total Environment (Vol. 693). Elsevier B.V.
https://doi.org/10.1016/j.scitotenv.2019.07.351

Panchal, H., Mevada, D., Sadasivuni, K. K., Essa, F. A., Shanmugan, S., &
Khalid, M. (2020). Experimental and water quality analysis of solar stills
with vertical and inclined fins. Groundwater for Sustainable Development,
11. https://doi.org/10.1016/j.gsd.2020.100410

Pandey, N., & Naresh, Y. (2024). A comprehensive 4E (energy, exergy,
economic, environmental) analysis of novel pyramid solar still coupled with
pulsating heat pipe: An experimental study. Renewable Energy, 225.
https://doi.org/10.1016/j.renene.2024.120227

Parsa, S. M., Rahbar, A., Javadi, D., Koleini, M. H., Afrand, M., & Amidpour,
M. (2020). Energy-matrices, exergy, economic, environmental,
exergoeconomic, enviroeconomic, and heat transfer (6E/HT) analysis of
two passive/active solar still water desalination nearly 4000m: Altitude
concept. Journal of Cleaner Production, 261, 121243,

Parsa, S. M., Rahbar, A., Koleini, M. H., Aberoumand, S., Afrand, M., &
Amidpour, M. (2020). A renewable energy-driven thermoelectric-utilized
solar still with external condenser loaded by silver/nanofluid for

simultaneously water disinfection and desalination. Desalination, 480,
114354. https://doi.org/10.1016/J. DESAL.2020.114354

146



SUNEWIE

Rahbar, N., Gharaiian, A., & Rashidi, S. (2017). Exergy and economic analysis
for a double slope solar still equipped by thermoelectric heating modules -
an experimental investigation. Desalination, 420, 106—113.
https://doi.org/10.1016/J.DESAL.2017.07.005

SAADA, Y., BENMENINE, D., SETTOU, B., & KORICHI, Z. (2025).
Experimental Investigation of Solar Desalination in Algeria: Performance,
Economic Feasibility, and Climatic Variability Analysis of Geothermal-
Integrated and Glass-Cooled Solar Stills. Energy, 136875.
https://doi.org/10.1016/J.ENERGY.2025.136875

Saada, Y., Korichi, Z., Souigat, A., Slimani, D., & Benmenine, D. (2025). New
design of solar still hybridized internally with solar collector to improve
productivity. Desalination and Water Treatment, 321.
https://doi.org/10.1016/j.dwt.2024.100959

Saavedra, A., Valdés, H., Mahn, A., & Acosta, O. (2021). Comparative analysis
of conventional and emerging technologies for seawater desalination:
Northern chile as a case study. In Membranes (Vol. 11, Number 3). MDPI
AG. https://doi.org/10.3390/membranes11030180

Sadeghi, G., & Nazari, S. (2021). Retrofitting a thermoelectric-based solar still
integrated with an evacuated tube collector utilizing an antibacterial-
magnetic hybrid nanofluid. Desalination, 500, 114871.
https://doi.org/https://doi.org/10.1016/j.desal.2020.114871

Saha, S., Sarker, M. R. 1., Kader, M. A., Ahmed, M. M., Tuly, S. S., & Mustafi,
N. N. (2024). Development of a vacuum double-slope solar still for
enhanced freshwater productivity. Solar Energy, 270, 112385.
https://doi.org/10.1016/J.SOLENER.2024.112385

Saibi, H. (2009). Geothermal resources in Algeria. In Renewable and Sustainable
Energy Reviews (Vol. 13, Number 9, pp. 2544-2552).
https://doi.org/10.1016/j.rser.2009.06.019

Saini, V., Sahota, L., Jain, V. K., & Tiwari, G. N. (2019). Performance and cost
analysis of a modified built-in-passive condenser and semitransparent
photovoltaic module integrated passive solar distillation system. Journal of
Energy Storage, 24. https://doi.org/10.1016/j.est.2019.100809

Sambare, R. K., Joshi, S., & Kanojiya, N. C. (2023). Improving the freshwater
production from tubular solar still using sensible heat storage materials.
Thermal Science and Engineering Progress, 38, 101676.
https://doi.org/10.1016/J.TSEP.2023.101676

Sarhaddi, F. (2018). Exergy analysis of a weir-type cascade solar still connected
to PV/T collectors. IET Renewable Power Generation, 12(12), 1336—1344.
https://doi.org/10.1049/iet-rpg.2018.5162

Settou, B., Settou, N., Gahrar, Y., Negrou, B., Bouferrouk, A., Gouareh, A., &
Mokhtara, C. (2022). Geographic information-driven two-stage

147



SUNEWIE

optimization model for location decision of solar power plant: A case study
of an Algerian municipality. Sustainable Cities and Society, 77, 103567.
https://doi.org/10.1016/J.SCS.2021.103567

Shakirovich Ismailov Zafar Botirovich Jo, A. (2022). Study of arduino
microcontroller board. www.openscience.uz

Sharshir, S. W., Kandeal, A. W., Ismail, M., Abdelaziz, G. B., Kabeel, A. E., &
Yang, N. (2019). Augmentation of a pyramid solar still performance using
evacuated tubes and nanofluid: Experimental approach. Applied Thermal
Engineering, 160, 113997.
https://doi.org/10.1016/J.APPLTHERMALENG.2019.113997

Shehata, A. 1., Kabeel, A. E., Khairat Dawood, M. M., Elharidi, A. M.,
Abd_Flsalam, A., Ramzy, K., & Mehanna, A. (2020). Enhancement of the
productivity for single solar still with ultrasonic humidifier combined with
evacuated solar collector: An experimental study. Energy Conversion and
Management, 208, 112592.
https://doi.org/10.1016/J.ENCONMAN.2020.112592

Shi, L., Wang, X., Hu, Y., He, Y., & Yan, Y. (2020). Solar-thermal conversion
and steam generation: a review. Applied Thermal Engineering, 179,
115691.

Shoeibi, S., Rahbar, N., Abedini Esfahlani, A., & Kargarsharifabad, H. (2020).
Application of simultaneous thermoelectric cooling and heating to improve

the performance of a solar still: An experimental study and exergy analysis.
Applied Energy, 263. https://doi.org/10.1016/j.apenergy.2020.114581

Shoeibi, S., Rahbar, N., Abedini Esfahlani, A., & Kargarsharifabad, H. (2021).
Improving the thermoelectric solar still performance by using nanofluids—
Experimental study, thermodynamic modeling and energy matrices

analysis. Sustainable Energy Technologies and Assessments, 47.
https://doi.org/10.1016/j.seta.2021.101339

Sibagariang, Y. P., Napitupulu, F. H., Kawai, H., & Ambarita, H. (2022).
Investigation of the effect of a solar collector, nozzle, and water cooling on
solar still double slope. Case Studies in Thermal Engineering, 40.
https://doi.org/10.1016/j.csite.2022.102489

Singh, A. K., Singh, D. B., Mallick, A., Harender, Sharma, S. K., Kumar, N., &
Dwivedi, V. K. (2019). Performance analysis of specially designed single
basin passive solar distillers incorporated with novel solar desalting stills: A
review. In Solar Energy (Vol. 185, pp. 146—-164). Elsevier Ltd.
https://doi.org/10.1016/j.solener.2019.04.040

Singh, D., Singh, D., Mishra, V., Kushwaha, J., Dev, R., Patel, S. K., Shankar,
R., & Giri, B. S. (2023). Sustainability issues of solar desalination hybrid
systems integrated with heat exchangers for the production of drinking

water: A review. Desalination, 566.
https://doi.org/10.1016/j.desal.2023.116930

148



SUNEWIE

Singh, R. V., Kumar, S., Hasan, M. M., Khan, M. E., & Tiwari, G. N. (2013).
Performance of a solar still integrated with evacuated tube collector in
natural mode. Desalination, 318, 25-33.
https://doi.org/10.1016/j.desal.2013.03.012

Slimani, D., Souigat, A., Korichi, Z., Benkrima, Y., Benbrahim, F., Benbessisse,
Y., & Labed, B. (2024). Using solar distillation to treat salty water sub-
surface in the Hassi Miloud area (Algeria) for agricultural watering a drop
with a drop. Desalination and Water Treatment, 317, 100032.

Sohani, A., Hoseinzadeh, S., Samiezadeh, S., & Verhaert, 1. (2022a). Machine
learning prediction approach for dynamic performance modeling of an
enhanced solar still desalination system. Journal of Thermal Analysis and
Calorimetry, 147(5), 3919-3930.

Sohani, A., Hoseinzadeh, S., Samiezadeh, S., & Verhaert, 1. (2022b). Machine
learning prediction approach for dynamic performance modeling of an
enhanced solar still desalination system. Journal of Thermal Analysis and
Calorimetry, 147(5), 3919-3930.

Srivastava, D., Kesarwani, A., & Dubey, S. (2008). Measurement of
Temperature and Humidity by using Arduino Tool and DHT11.
International Research Journal of Engineering and Technology, 876.
www.irjet.net

Subramanian, R. S., Kumaresan, G., Ajith, R., Sabarivasan, U., Gowthamaan, K.
K., & Anudeep, S. (2021). Performance analysis of modified solar still
integrated with flat plate collector. Materials Today: Proceedings, 45.
https://doi.org/10.1016/j.matpr.2020.06.409

Tahir, M. (2021). Measuring water Flow Rate and Volume using Arduino and
Flow Sensor. Department of Irrigation\& Drainage Faculty of Agricultural
Engineering.

Tuly, S. S., Ayon, A. B. S., Hassan, R., Das, B. K., Khan, R. H., & Sarker, M. R.
I. (2022). Performance investigation of active double slope solar stills
incorporating internal sidewall reflector, hollow circular fins, and

nanoparticle-mixed phase change material. Journal of Energy Storage, 55.
https://doi.org/10.1016/j.est.2022.105660

(UNICEF) and (WHO). (2023). PROGRESS ON HOUSEHOLD DRINKING
WATER, SANITATION AND HYGIENE 2000-2022.

UN-Water. (2024). Progress on the level of water stress.

UN-Water. (2025). Water scarcity. https://www.unwater.org/water-facts/water-
scarcity?utm_source=chatgpt.com

Verma, S., Das, R., & Mishra, N. K. (2023). Concept of integrating geothermal
energy for enhancing the performance of solar stills. Desalination, 564,
116817. https://doi.org/https://doi.org/10.1016/j.desal.2023.116817

149



SUNEWIE

Walczak, S. (2019). Artificial neural networks. In Advanced methodologies and
technologies in artificial intelligence, computer simulation, and human-
computer interaction (pp. 40-53). IGI Global Scientific Publishing.

Wang, G. C. S., & Jain, C. L. (2003). Regression analysis: modeling &
forecasting. Institute of Business Forec.

Yang, L., Wu, H., Jin, X., Zheng, P., Hu, S., Xu, X., Yu, W., & Yan, J. (2020).
Study of cardiovascular disease prediction model based on random forest in
eastern China. Scientific Reports, 10(1), 5245.

Yousef, M. S., & Hassan, H. (2019). Assessment of different passive solar stills
via exergoeconomic, exergoenvironmental, and exergoenviroeconomic
approaches: a comparative study. Solar Energy, 182, 316-331.

Yousef, M. S., & Hassan, H. (2020). Energy payback time, exergoeconomic and
enviroeconomic analyses of using thermal energy storage system with a
solar desalination system: an experimental study. Journal of Cleaner
Production, 270, 122082.

Zayed, M. E., Katekar, V. P., Tripathy, R. K., Deshmukh, S. S., & Elsheikh, A.
H. (2022). Predicting the yield of stepped corrugated solar distiller using
kernel-based machine learning models. Applied Thermal Engineering, 213,
118759.

Zohuri, B. (2024). Artificial Intelligence and Machine Learning Driven Adaptive
Control Applications. Journal of Material Sciences and Engineering
Technology, 2(4), 1-4.

150



sxll/



A s=\l

M) Al @

2l plaatll i g oS5 Slshas 1 AJSA iy

|

IS

(]

IS

| Bu>9 9

54939

152



A=l

ymtll 9 Aeatad] Ayl ymdl il Huols 20a7 A6l

0.01 degree, Pt 100, type K/J/R/E/T, RS232

PRECISION THERMOMETER

Model : TM-917 IS0-9001, CE, IEC1010

PRECISION 061" THERMOMETER

PT-100 ohm
Temp. probe, optional

L1 rl.utron

The Art of Measurement
LUTRON ELECTRONIC
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PRECISION 0.01 degree THERMOMETER

Model : TM-917

FEATURES
* Professional thermometer with high accuracy & 0.01 * Build in 0.01& 0.1select switch on the front panel.
resolution. Super large LCD with unit display, easy readout.
* Accept multi type temp. probe input : platinum * Data hold function for stored the desired value on
PT 100 ohm, thermocouple type K/J/T/E/R. display.
* With 0.01 high resolution both for Platinum & * Sensor select button on the front panel, easy to change
Thermocouple prabe input. different type probe,
* PT 100 probe input cooperate with an 0.00385 alpha * Memory function to record the maximum & minimum
coefficient, meet DIN IEC 751. reading with recall.
* Cooperate with 4 wires Pt-100 ohm probe, high * Build the REL. button, useful for relative measurement.
precision. * Built-in low battery indicator.
* Wide range display from -100 to 1370 C ( type k ). * Optional heavy duty & compact housing case, designed
* Build in 'C & 'F select button on the front panel. for easy carry out.
GENERAL SPECIFICATIONS
Display 62 mm X 34 mm supper large LCD Sampling Time Approx. 0.4 second.
display, 13 mm ( 0.5" ) digit size. Hold Function To freeze the display reading value.
Probe type 5 types : Memory Recall Memorize the Maximum, Minimum
1. Platinum PT 100 ohm reading with recall.
( 0.00385 alpha coefficient, meet DIN TEC 751 ) |Over Indication  [Show " - - -- ",
2. Thermocouple type K. Data Output RS232 PC serial interface.
3. Thermocouple type J. Power Supply Heavy duty or Akaline type,
4, Thermocouple type T. DC 9V battery, 006P, MN1604 ( PP3 )
5. Thermocouple type E. or equivalent.
6. Thermocouple type R. Power Approx. DC 15 mA.
Consumption
Functions ‘C, 'F, 0.010.1 Data hold, Operating 0to 50 C (32to 122 ).
relative measurement. Temperature
Resolution 0.01C/0.1C, 0.01°F/0.1°F. Operating Less than 80% RH.
Circuit Use the software to make linearity Humidity
correction instead the traditional Meter Size HWD 180x72x32 mm ( 7.1x2.8x1.3 inch
hardware circuit. Meter Weight 285 g/0.62 LB.
Probe input Pt 100 ohm probe : Standard Operational manual..... 1 PC.
socket DIN 4 pin socket. Accessory
Thermocouple couple probe : Optional Carrying case, Pt-100 probe,
Standard 2 pin type K socket. Accessories Type K Thermocouple probe.
MEASURING RESOLUTION / RESOLUTION
Type Resolution Range Tywpe Resolution Range
Platinum 0.01 C -199.99 to 199.99 C  |[Thermocouple 0.01C -100.00 to 100.00 C
PT 100 ohm 0.1C 200.0 to 850.0 'C type T 0.1°C 100.0 to 400.0 C
0.02 °F -199.99 to 392.00 'F 0.02 °F -148.00 to 212.00 'F
0.2°F 392.0to 1562.0 ' 02°F 212.0to 752.0 T
Thermocouple 0.01 T -100.00 to 100.00 C  |[[Thermocouple 0.01C -80.00 to 90.00 C
type K 0.1C 100.0 to 1370.0 C__ |type E 01T 90.0 to 779.9 C
0.02°F -148.00 to 212.00 F 0.02°F -112.00 to 194.00 'F
0.2°F 212.0 to 2498.0 'F 0.2°F 194.0to 1435.8 F
Thermocouple 0.01TC -90.00 to 100.00 C Thermocouple 01T 0to 600.0 T
type J 0.1C 100.0to 900.0 C__ |type R 1C 600 to 1770 C
0.02°F -130.00 to 212.00 F 02°F 32.0t0 112.0°F
0.2°F 212.0 to 1652.0 ' 1 112 to 3218 |
OPTIONAL TEMPERATURE PROBE & OTHER ACCESSORIES
Carrying Case Model : CA-03, Vinyl soft carrying case.
Carrying Case Model : CA-06, Hard carrying case
PT-100 ohm Probe *-50 C to 400 C (-58 'F to 752 'F), DIN plug, 4 pins/4 wires, Class A, Cooperate with an
TP-100 0.00385 alpha coefficient, meet DIN IEC 751, Accuracy : (0.15 + (0.002 x T))C.
TP-100A * Dimension Sensing head - 152 mm tube, Probe length - 245 mm.
Thermocouple Probe * Measure Rage: -40 C to 250 'C, -40 F to 482 °F.
(Type K) TP-01 * Ultra fast response naked-bead thermocouple, general purpose application.
Thermocouple Probe * Measure Range: -50 C to 900 C, -50 °F to 1650 °F.
(Type K), TP-02A * Dimension: 10 cm tube, 3.2 mm Dia.
Thermocouple Probe * Measure Range: -50 C to 1200 C, -50 'F to 2200 F.
(Type K), TP-03 * Dimension: 10 cm tube, 8 mm Dia.
Surface Probe * Measure Range: -50 C to 400 C, -50 'F to 752 'F.
(Type K), TP-04 * Size : Temp. sensing head - 15 mm Dia. Probe length - 120 mm.
RS232 cable Model : UPCB-01, RS232 cable for connecting between the meter & computer COM port
USB cable Model : USB-01, USB cable for connecting between the meter & the computer USB port.
Software Model : SW-U801-WIN, Windows version.
* Software apply as the performance of data logging system & data recorder...

* Appearance and specifications listed in this brochure are subject to change without notice.
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New design of solar still hybridized internally with solar collector to improve
productivity

Yasmina Saada?, Zineb Korichi ", Abdelkader Souigat "®, Driss Slimani ”, Djamel Benmenine *

2 Lak ry of New and hie Energy in Arid Zones, Kasdi merbah University, Ouargla, 30000, Algeria
b Ecole Normale Supérieure de Ouargla, Ouargla, 30000, Algeria

ARTICLE INFO ABSTRACT

Keywords: This study presents the development and performance evaluation of an improved solar still incorporating a

Traditional solar still solar collector (metal plate) into a monoclinic solar still design. Comparative analysis was conducted between

5";““."1“'-‘“'_ the improved system and a traditional solar still under identical operating conditions. The results demonstrate

TF_:::: dadly :ﬁrjmm significant improvements in productivity and efficiency with the improved solar still. Specifically, the improved
rgy analysis

system achieved a cumulative productivity of 4.5 L/m?, representing a notable increase compared to the 2.9
L/m? produced by the traditional still. Moreover, the daily efficiency of the improved solar still reached 41%,
substantially higher than the 26.7% efficiency of the traditional design. The enhancement rate of 55.17%
underscores the considerable performance advancement attained with the upgraded solar still. These findings
highlight the efficacy of integrating a solar collector into the monoclinic solar still design, offering promising

prospects for improved solar desalination systems.

1. Introduction

Water is an essential resource for sustaining life on Earth, yet only
a fraction of it is directly usable due to the salinity of seawater and
contamination of freshwater sources [1]. The rising demand for clean
water, driven by population growth, industrialization, and climate
change, has intensified the need for effective desalination methods [2].
Among various approaches, solar distillation has emerged as an envi-
ronmentally friendly and sustainable technique, aligning with global
efforts to harness renewable energy sources [3].

Solar distillation involves using solar energy to purify water through
a device known as a solar still (SS). This device converts sunlight
into thermal energy, facilitating water purification via evaporation and
condensation. Single slope solar stills are among the most popular
designs due to their simplicity and affordability. Typically, these stills
consist of a basin filled with saltwater, covered by a slanted glass
lid. Sunlight penetrates the lid, heating the water and causing it to
evaporate. The vapor condenses on the cooler surface of the glass and
is collected as distilled water [4].

However, traditional solar stills are limited by low produetivity,
producing only a few liters of distilled water per square meter daily [5].
In response, recent studies have explored various design modifications
to enhance efficiency. For example, reducing the water depth in the
basin has been shown to improve evaporation rates [6,7], while op-
timizing the tilt angle of the glass cover enhances condensation, both

* Corresponding author.
E-mail address: Zinebkorichid02@gmail.com (Z. Korichi).
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of which contribute to higher water yields [8]. Researchers have also
incorporated advanced materials to improve thermal performance. The
use of nanofluids [9-11] and phase change materials (PCM) [12,13]
increases heat absorption and retention, further enhancing productivity
by promoting consistent heat transfer within the still (see Fig. 1).

Beyond material enhancements, another prominent approach to
improve productivity has involved integrating external solar collec-
tors with the distillers. These external collectors—such as flat plate
collectors [14], parabolic concentrators [15-18],—are designed to cap-
ture additional solar energy and transfer it to the water in the still,
effectively increasing evaporation rates and boosting distilled water
output. While these integrations have shown considerable promise
in increasing productivity, they introduce several disadvantages. The
added components increase the complexity of the solar still, often
requiring more maintenance due to exposure and wear. Additionally,
external collectors elevate material and operational costs, which can
limit the feasibility of solar stills in resource-constrained settings. Exter-
nal collectors can also result in unintended heat losses, as energy must
be transferred across multiple components rather than being contained
within a single, cohesive system.

Given these challenges, the need for a simplified, cost-effective
solution is evident. To address the limitations of external collectors and
auxiliary systems, this study presents a novel approach that integrates
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Experimental investigation of solar desalination in Algeria: Performance,
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ARTICLE INFO ABSTRACT
Keéywords This study Investigates the performance of three solar still configurations: Traditional Solar Still (T55), Modified
Salar desalination Solar 5till 1 (MSS-1) with geothermal integeation, and Modified Solar Sell 2 (MS5-2) with a glass-cieaning

Gepthermal inbegration
Climatic varkaldlity
Glass cooling
Eponomic analysis

mechanism, under three distinct weather conditions: clear and stable, intermittent solar and wind variability,
and high wind [nfluence with solar fluerustbons. Experimental resulis show thar MS5-1 outperformed the other
systems, achieving the highest daily freshwater productivity of 4,17 Lem®, compared to 3,08 L/m” for M55-2 and
2,89 L/m” for TSS. Under fluctuating solar conditions, MSS-1 recorded a peak energy efficiency of 43,67 %,
sanrpansing MES-2 (36.96 %) and TSS (3248 %), with exergy efftciency of 4.24 %, compared 1o 1.41 % for M55-2
and 1,39 % for TSS. The economic analysis revealed that MSS-1 had the lwest cost per liter (CPL) 2t 30,0091 /L
and a payback period of 70,67 days, outpacing TSS (S0.0101 /L, 78.25 days) and MSS-2 (80.0104,/1, 73.24 dayz).
Furthermore, incorporating sreal climarie dara for 8760 h revealed that 75 % of the year i favorable, improving
the accuracy of long-term productivity forecasts. M8S-1 achieved an annual water yield of 1522.37 L/m®,
eompared to 105537 L/m” for T5% and 112757 L/m® for MS5-2. These findings highlight the significance of
considering real-world weather conditions in solar desalination design to improve efficiency, sconomic feasi-
bility, and reliabiliry.

Momenclare (eondnued }
(" Latent heat of vaporizaticn I
TSS Traditional Setar Stll (E)
MES- Madified Solar Still 1 [ F— Eleat trapsferred for vaporization between water anel glass [ W}
I e
MSE- Madified Sodar Srill 2 Nepy  Heattransfer coefficlent by evapoation between water and w"]
2 wlass LF
Te Temperate of warer K gy Hiat transker coeficient by convection betveesn water and W
% Temperate of glass K wlase [err-" %)
Tonk Temperate of ambient K Py Vapar pressire for temporature T, A
T Temperate of sun K l\,rr!"’J
Tap Aserage temperature L4 Py Vapar pressure for temperature T, N
my, Quantity of distilled water ( kg [\F]
h IIFJ I Salar irmadiance I’w)
{eoentienied an next ool i

{eantimued on next pageld
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Study of the Effect of Different Types of Hybridization on the

Performance of a Solar Still in the Ouargla Region

Abstract

To address the issue of water scarcity in arid and semi-arid regions, the performance of a solar still
and its potential improvement through hybrid techniques were investigated, taking Ouargla
(characterized by a hot and dry climate) as a case study. Two field experiments were carried out to
enhance the efficiency of the solar still using hybrid approaches, in parallel with the application of
artificial intelligence for analyzing the results and predicting productivity. In the first experiment,
aninternal metallic plate was integrated to act as an absorber and heat distributor, which increased
the daily yield from 2.9 to 4.5 L/m? and improved thermal efficiency from 26.7% to 41%. The

second experiment compared three configurations: the traditional solar still (TSS), the still



ol

enhanced with a geothermal water heat exchanger (MSS-1), and the still improved with a glass
cover cooling system (MSS-2). The results demonstrated the superiority of MSS-1, achieving a
maximum daily yield of 4.17 L/m? and the best economic performance (0.0091 USD/L) with a
payback period not exceeding 70.7 days, outperforming both MSS-2 and TSS. Based on the
experimental results, five machine learning models were applied. The Support Vector Machine
model exhibited high accuracy in the first experiment, while the Random Forest model achieved
the best performance in the second experiment (R =~ 0.997) with the lowest error metrics. This
study highlights that combining engineering improvements, thermal hybridization, and artificial
intelligence applications provides a promising pathway for developing more efficient and

sustainable solar stills adapted to hot and dry environments.

Keywords: Solar still; Hybridization; Improvement; Geothermal heat; Experimental study; Thermal

efficiency; Artificial intelligence.



